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A NUMERICAL EVALUATION OF 


PRELIMINARY ORBIT DETERMINATION METHODS 

By William F. Huseonica 
John F. Kennedy Space Center 


SUMMARY 


Solutions from twelve different Preliminary Orbit Determination Methods using data 
from two well defined orbits are presented. A number of different solutions were obtained 
from each method when the angular difference (true anomaly) between observation data was 
varied from several degrees to one complete revolution. The failure to converge and the 
numerical error propagation are indicated. The computation time and total computer core 
required for each PODM is tabulated. A computational algorithm was used to adapt in- 
ertial position, velocity, and time input data to angular, range, range rate, and time input 
data from several different observation stations. A general FORTRAN code and a com- 
puter program flowchart are documented and can be utilized with computers other than the 
Scientific Data Systems 930 used in these solutions. 


INTRODUCTION 


In preliminary orbit determination (the first approximation of the orbit) it is difficult 
to select a method which could be considered the best Preliminary Orbit Determination 
Method (PODM). The best method can be determined by considering several factors of in- 
terest to the particular analyst selecting an orbit determination method. These factors are: 

Which method is the fastest from a computational point of view? 

Which method has the least numerical error propagation? 

Which method experiences the least convergence difficulties? 

Which method will function most effectively with the observation data 
available (position, angles, range, range rate, and time)? 

Which method can give the best numerical results from orbits of varying 
eccentricity and semimajor axis? 

Which method gives the best results from observation data having small and large 
true anomaly angular differences? 
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Data presented in this report form the solutions of twelve different PODMs and will 
help in determining the best method for a given application. The twelve different PODMs 
encompass classical methods used in determining the motion of heavenly bodies and pres- 
ent day methods used in artificial satellite PODMs. These PODMs are found in computa- 
tional algorithm form (Escobal, reference 1). The algorithms were programmed in a 
FORTRAN II code and the calculations were accomplished on a Scientific Data Systems 
(SDS) 930 computer. 

The PODM input data were derived from two well defined orbits (with perturbations 
and differential corrections) of common occurrence for artificial earth satellites. One 
orbit has low eccentricity with a small semimajor axis; the second orbit has a higher 
eccentricity and a larger semimajor axis. 


DISCUSSION 


Symbols and Abbreviations 

Because the nomenclature used within the field of PODM is so extensive and non- 
uniform from text to text, a list of symbols and abbreviations is included (appendix A). In 
addition, the unit vectors and orientation angles of the orbital plane are illustrated in 
appendix A, figure 1. 


PODM Computational Algorithms 

The twelve PODMs computed in this evaluation use various types of observation 
data necessary for a solution or preliminary determination of the orbit. Lambert-Euler, 

F and G series, Iteration of Semiparameter, Gaussian (time and position), and Iteration of 
the True Anomaly PODMs use inertial position vectors (x^, y^, z-^, and x£, y2, z 2 ^ anc * 

their corresponding universal times (ti andt2) as the input data. Method of Gauss (angles), 

Laplace, and Double R-lteration PODMs require right ascension ( a ) and declination ( 5 ) 
from three different stations and their corresponding universal times. Observation station 
data such as longitude, latitude, and elevation are also required. The remaining PODMs 
(Modified Laplacian, R-lteration, Trilateration, and Herrick-Gibbs) require mixed data 
inputs. The mixed data inputs are selected from right ascension, declination, range and 
range rate along with the observation station data. Further discussion of these PODMs 
can be found in references 1 and 3. The computational algorithms for these PODMs are 
given in equations (1) through (439) in appendixes B through M. 
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Special considerations that riiust be given in the computational algorithms for retro- 
grade orbits have been deleted. All orbits to be determined in this evaluation are those 
involving direct motion. 

In nine of the PODMs an iteration of equations is involved which produces an itera- 
tive function that must be driven to zero or a lesser specified tolerance, i.e., epsilon. 

For this evaluation, a number of 10 was selected and is in line with the significant 
figures involved with the input data as well as the PODM solutions. This value for epsilon 
eliminated the need for extended range accuracy in the computer solutions. 

Input data for these nine PODMs were derived from two National Aeronautics and 
Space Administration (NASA) earth-orbited satellites, OSO-lil and Relay-ll . These 
satellite orbits will be used as the bases for evaluation of the PODMs. The OSO-III orbit 
has an eccentricity of 0.00216 and a semimajor axis of 4,306.81 miles; Relay-ll orbit 
eccentricity is 0.24115 and semimajor axis is 6,915.52 miles. The inclination angles 
are 32.863 degrees and 46.323 degrees for OSO-III and Relay-ll respectively. Addi- 
tional orbital elements for these satellites are specified in appendixes N and 0. Orbital 
data were furnished by the NASA Goddard Space Flight Center (GSFC), Greenbelt, 
Maryland. Observation data were received from the various NASA tracking stations 
(references 5 and 6), and the resultant inertial position and velocity vector data for each 
minute of two complete revolutions for both orbits were generated from GSFC R083 Orbit 
Generator Routine-3 (references 7 and 8). The tracking stations and coordinates are 
listed in appendix P. 

The inertial position vector data and corresponding universal time obtained from 
OSO-III and Relay-ll orbits can be used as input data for the five PODMs using position 
and time inputs. However, these data must be modified to define range, range rate, and 
angular data to be used as an input for the remaining seven PODMs and to maintain a well 
defined orbit on which to base an evaluation of all PODMs. A computational algorithm 
developed to find p , p , a, and 6 is detailed in appendix Q, equations (440) through 
(459). Results from this computational algorithm can be selected and applied to the 
seven PODMs requiring angles only and mixed data. 

The PODM computational algorithms terminate when the inertial position and 
velocity vector for a corresponding observation point is determined; the orbit is then con- 
sidered determined. In many cases, the classical orbital elements may serve to better 
illustrate the significant changes in the evaluation of the PODM. Therefore, a computa- 
tional algorithm that solves for the classical elements (semimajor axis, a; eccentricity, e; 
inclination, i; longitude of the ascending node, Q; argument of perigee, ta; and time of 
perifocal passage, T) from the position and velocity vector is detailed in appendix R, 
equations (460) through (480). This algorithm is computed subsequent to the determination 
of the inertial position and velocity vector of each PODM. 
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Computet' Program Language 


To facilitate this evaluation, the most obvious tool is the digital computer. The 
computational algorithms discussed in the previous paragraphs are readily translatable 
into a program language for communicating with digital computers. The FORTRAN II 
language was used because it is not really a single computer language. Rather, it is a 
family of similar languages, or dialects, with one or more being developed for each class 
of digital computer. A later generation of FORTRAN (FORTRAN IV) will further minimize 
the difference in this language for each class of computer (reference 2). The FORTRAN 
language provides engineers and scientists with an efficient and easily understood means 
of writing programs for computers. 


Computer Program Flowcharts 

In preparation for the programming of each computational algorithm, a program flow- 
chart was constructed. The flowchart describes the code sequences that accomplish the 
processing of information to obtain the desirable result. In programs involving a great 
number of statements, it becomes cumbersome to follow the sequence of written statements. 
Since written statements can be stated or can proceed in a variety of ways, flowcharts are 
excellent for conveying procedural concepts. 

The value of flowcharts is futher enchanced by consistency in the graphical conven- 
tions used. The conventions used in this paper are found in appendix S and were primarily 
adopted from reference 4 . 

Flowcharts describe the code sequences as written from the computational algorithms 
(appendixes B through M). The information within the flowchart symbols is the FORTRAN II 
code description of the expressions in the algorithm and in the program listings. Only state- 
ments conveying procedural concepts ate presented in the flowcharts. 


Computer Program Listing 

For each PODM computed there is a computer program listing (appendixes B through M). 
The program listing is a sequence of FORTRAN language statements used in computation 
of the PODM. The program listing is a copy of the source language translated to machine 
code by the computer processor. The program listing serves as an indicator for the 
diagnostic report from the computer during the program debugging procedure. The algorithms 
are programmed in FORTRAN II for use with SDS Series 930 computer (references 9 and 10), 
but the output of the millisecond (run-time) clock on the SDS 930 was programmed in SDS 
Meta-Symbol language. The run-time clock tallied and obtained the total time necessary 
to compute the PODM programs by a program subroutine identified as ITIME. This sub- 
routine used the programmed statements indicated on the program listing by S (SDS Meta- 
Symbol language). The millisecond clock was initialized by ITIME = 0 and incremented 
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each millisecond by the ITIME subroutine and would subsequently be printed out upon 
command at the conclusion of a block of computed programmed statements. This procedure 
was accomplished several times during the computation of each PODM program in orderto 
obtain only computation time and not time required for READ and PRINT statements. 


Discussion Summary 

The PODMs used for evaluation were found basically in reference 1, Escobal. They 
were programmed in FORTRAN II and SDS Meta-Symbol for use in the SDS 930 computer. 
Prior to programming, the procedural concept was established with flowcharts. The two 
reference orbit data were obtained from GSFC. The data were adapted to input data for 
angles only and mixed data PODM by a computational algorithm that was programmed and 
computed prior to the PODM computations. All PODM computations were accomplished 
on the SDS 930 computer. However, selected programs were successfully compiled and 
computed on an IBM 1800 and an IBM 360 with only slight modifications. The compila- 
tion of algorithms, flowcharts, and computer program listings used to conduct this evaluation 
of twelve PODMs are detailed in appendixes B through M. 


RESULTS AND CONCLUSIONS 


The inertial position and velocity orbit data with their corresponding times from 
epoch used in this PODM evaluation are listed in tables 1 and 2 for OSO-III and Relay-ll 
satellites, respectively. Also contained within these tables is the change in true anomaly 
angle of each data point referenced to data point 1. Data points contained in these tables 
are the data points used for the inertial position and time PODM inputs . The same data 
points were used in the generation of data inputs by the computational algorithm for range, 
range rate, and angular data for the angles only and mixed data PODMs (appendix Q). 

The evaluation will consider the inertial position and time PODMs separately from the angles 
only and mixed data PODMs because sufficient differences exist in the computational 
algorithms and the practical usage of these PODMs. 


Position and Time PODMs 

The PODMs which use inertial position vectors and their corresponding times are 
found in appendixes B through F. These algorithms were applied using all data points 
referenced from data point 1 in tables 1 and 2. The computational algorithms for inertial 
position and time PODMs conclude by computing an inertial velocity vector corresponding 
to one of the times for which an input of inertial position is known. This inertial position 
and velocity vector and the corresponding time are sufficient to consider the orbit determined. 
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Subsequent to determination of the inertial velocity vector, the classical orbital elements 
are computed by using the computational algorithm contained in appendix R. The results 
of these computations are detailed in figures 2 through 11 and tables 3 through 17. 

Figures 2 through 11 are detailed plots of the computed inertial velocity vectors in 
the x, y, £ components versus the true anomaly angular difference between input data com- 
ponents from tables 1 and 2. The true anomaly angular difference, of position and time 
PODM, is the angular difference between two inertial position vectors (figure 12). The 
true anomaly angular difference was varied from 3.8 to 360 degrees for OSO-III orbit 
and from 2.5 to 360 degrees for Relay-ll orbit for convenience in adapting the same data 
to the angles only and mixed data PODM with consideration to station locations. A plot 
of the number of iterations required for the iteration loop within the PODM compuational 
algorithm for each set of data input used is also contained in figures 2 through 11. Tables 
3 through 12 are the tabulated results which are plotted in figures 2 through 11. 

For example, in figure 2, results of Lambert-Euler PODM for OSO-III, at 10 degrees 
difference in true anomaly the inertial velocity vectors are as follows: x is -0.67100 
CUL/CUT; y is 0.45242 CUL/CUT; and £ is -0.51970 CUL/CUT and the predicted 
number of iterations is seven. The nominal values are indicated for each component. 

Also denoted is the true andmaly angular difference beyond which the program fails to 
compute and yield satisfactory results. 

A comparison in each case of the computed resultant classical orbital elements, 
with respect to the nominal values obtained from appendixes l\l and 0, is listed in tables 
13 through 17. Both the computed results and the nominal values from the reference orbit 
are referenced to the same time of epoch as denoted in tables 1 and 2. 

Each PODM program listing as found in appendixes B through F requires a definite 
number of words available in the computer core before a successful computation can be 
accomplished. Table 18 lists the number of 24-bit words required in the computer core 
of the SDS 930 computer for variables, statements, and subprograms necessary for 
compuation of each PODM. The number of core words required can vary and may depend 
on the programming efficiency of the programmer. One programmer may be able to accom- 
plish the same task with fewer core words than another programmer. 

Another factor which can vary the computer core requirements is the efficiency of 
the computer manufacturer's library of translations of FORTRAN to machine language. In 
comparing the position and time PODMs, the core requirements for each PODM vary little 
except for the F and G Series (4649 words) requirement. 
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The time necessary to compute the computer coded program listing of each PODM 
was evaluated by printing time from the computer clock (IT I M E) at the conclusion of a 
block of computations, ignoring the time necessary for READ and PRINT statements. The 
method used can be found in the computer program listing. The computation time required 
for each PODM is listed in table 19. The total time required for computation of each 
program with only one iteration ranges from 16 to 21 milliseconds, with F and G series 
being slowest and Lambert-Euler being fastest. The F and G series is slowest and 
Lambert-Euler. and Gaussian PODMs fastest when comparing the time required for each 
additional iteration computation loop. However, the total time for computation during 
practical application of these PODMs is a function also of the rate of convergence. The 
average number of iterations required for the PODM iterative loop to converge is listed in 
table 20. Although the F and G series is slowest when computing for all portions of the 
algorithm, it is fastest in its ability to converge. The averages in table 20 considered 
only the data points for which the PODM yielded satisfactory results; i.e., the averages 
were computed from results of the PODM over true anomaly angular ranges which yielded 
acceptable solutions. The radius vector spread of the data input must be considered when 
choosing a PODM for a minimum computation time for a particular orbit because the con- 
vergence of the iteration loop is a function of the true anomaly difference. 

Ease of convergence . - The ease of convergence of each PODM is indicated in 
table 20 . The shape of the orbit appears to have some effect on the ability of the PODM 
to converge. Lambert-Euler, F and G series, and Iteration of True Anomaly PODMs 
decrease in ability to converge for an orbit with a larger semimajor axis and higher eccen- 
tricity while Gaussian and Iteration of Semiparameter PODMs increase. 

The radius vector spread (true anomaly angular difference) over which these PODMs 
are likely to yield best results is concluded in table 21 . The best result is a function of 
ease of convergence and accuracy. 

Error propagation . - The position and time PODM that has the least error propagation 
is not readily distinguishable. There are relatively small differences in the propagation 
of error as indicated by the graph of inertial velocity versus true anomaly angular differ- 
ence in figures 2 through 11. The profile of error in computing the inertial velocity in 
all PODMs appears the same until the radius vector spread becomes excessive for accept- 
able PODM results. The data also indicate that an optimum in radius vector spread for 
the most accurate computed velocity vector for these PODMs is 20 to 30 degrees. 

Discussion of results . - In comparing the five PODMs using position and time input 
data, the results indicate that the optimum PODM is the Lambert-Euler followed by 
Iteration of Semiparameter, Iteration of True Anomaly, Gaussian, and F and G series. 

The optimum was a compromise between computation time, ease of convergence, and best 
overall accuracy considering radius vector spreads up to 360 degrees. These comparisons 
were made from the results of two different orbits; OS 0-1 1 1 and Relay-1 1 . Table 22 
indicates the standing of each PODM for consideration for determining the optimum. 
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Angles Only and Mixed Data PODMs 

The PODMs using angles only and mixed data are found in appendixes G through M. 
These algorithms require a combination of three station observations of right ascension, 
declination-, range or range rate, and their corresponding times from epoch in a topocentric 
coordinate system for a solution. The station location data is also required and is found 
in appendix P. From each data point in tables 1 and 2, values for range, range rate, 
declination, and right ascension were computed for several different stations using the 
computational algorithm found in appendix Q. These data are detailed in tables 23 and 
24 for OSO-III and Relay-1 1 , respectively. Tables 23 and 24 constitute the required 
input data to the angles only and mixed data PODMs being evaluated. 

These PODMs require three observation data inputs for a solution and the observa- 
tion station location data. There is also a requirement that the station observation data 
be from either three separate stations at three different times, or one station at three 
different times from epoch, or three stations with data input resolved to a common time 
from epoch. The number of stations required is determined in the computation algorithm 
by the input data necessary before a solution can be obtained from the PODM. The data 
points and observation stations combination used in computing results for evaluation of 
these PODMs are specified in tables 25 and 26. 

The inertial velocity component results of these computations are specified jn tables 
27 through 39. These tables present the inertial velocity vector components x, y, and z 

with reference to inertial velocity vector of the nominal orbit from tables 1 and 2. A com- 
parison in each case of the resultant classical orbital elements, with respect to the nominal 
values of the elements from appendixes l\l and 0, is specified in tables 40 through 44. 

Both the computed results and the nominal values from the reference orbit are 
referenced to the same time of epoch as denoted in tables 1 and 2. 

Table 18 indicates the computer core requirements for the program listings contained 
in appendixes G through M and Q. The requirements range from 3525 words for Herrick- 
Gibbs to 5254 words for Method of Gauss. 

Computation time. - The computation time required for each PODM is specified in table 
19. Twoot the PODMs in this table, one under mixed data and the other under angles only, 
differ from the others. Herrick-Gibbs PODM has no iteration loop and is fastest from the 
computation time; Gauss PODM has two iteration loops and is the slowest. The total com- 
puting time required ranges from 13 to 26 milliseconds when only one pass through the 
iteration loop is present. Time for each additional pass through the iteration loop ranges 
from 5 to 9 milliseconds. 
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The average number of iterations of each PODM, using both OSO-III and Relay-ll 
orbits, is specified in table 45. Herrick-Gibbs and Trilateration PODM do not have an 
iteration loop. However, Trilateration does have a branch which is computed twice to 
determine best approximation for the inertial position vector. Neither has an iteration 
loop computation time which can be compared with the other PODMs. Of the remaining 
PODMs which have iteration loops, Laplace and Modified Laplacian are the fastest at 
5 milliseconds for each iteration loop while the Double R-lteration PODM is slowest at 
9 milliseconds . 

Ease of convergence. - The radius vector spread between £_ 1 to £_ 2 anc * - 3 ^ or 

data inputs to the PODM was 3.8 to 360 degrees for OSO-III and 2.5 to 360 degrees 
for Relay-ll. Considering the data points which yielded satisfactory results to define the 
orbit, table 45 indicates the difficulty in convergence. Double R-lteration and Laplace 
(angles only) iteration loops did not converge in the allotted number indexed in the pro- 
gram (maximum number of iterations allowable is 25). It becomes apparent that changes 
are required in refining the iteration loop from either a mathematical or programming view- 
point or that observation station geometry is critical. From these two PODMs (Double 
R-lteration and Laplace) only one set of results from each came close to resembling 
OSO-III or Relay-ll orbits. As presented, these PODMs have difficulty in converging 
and require additional information. 

The three remaining PODMs which have iteration loops (Method of Gauss, Modified 
Laplacian, and R-lteration) have a greater ease of convergence with data from OSO-III 
orbit, having a lower eccentricity and semimajor axis, than with the data from Relay-ll orbit. 

The convergence question does not arise in Herrick-Gibbs or Trilateration PODMs 
since no iteration loops exist. 

Error propagation . - Error propagation in the angles only and mixed data PODMs 
have no characteristic profile as in the case of the position and time PODMs. Many 
factors may contribute to the inconsistency of error propagation and overall accuracy of 
results. 

One factor is that station observation data was generated by a. scheme from inertial 
position and velocity data and not by direct station observations. The geometry established 
between the observing station and the orbiting body may also be a critical factor. The 
limited number of data points available and used may yield results not completely represen- 
tative of the PODM error propagation. However, after such considerations, all PODMs 
used the same input data for the results being discussed. If an error propagation profile 
can be established sufficiently it would appear to be similar in the Herrick-Gibbs, Method 
of Gauss, Modified Laplacian, and R-lteration PODMs. The Double R-lteration and 
Laplace PODMs have no distinguishable error profile. 
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A more accurate and complete set of results exist from the Relay— II orbit input data 
to PODM than exists from the inputs used from the OSO— III orbit. It appears that an orbit 
with larger semimajor axis and eccentricity is more readily computable for acceptable results 
over a greater radius vector spread than an orbit of lesser semimajor axis and eccentricity 
(Relay-ll versus OSO-III). The PODM with the best overall accuracy with a radius vector 
spread ( u ) to 360 degrees is specified in table 46. 

Discussion of results. - In comparing each PODM using angles only and mixed data, 
the optimum PODM was determined to be Herrick-Gibbs followed by Modified Laplacian, 
Method of Gauss, R-lteration, Double R-lteration, and Laplace. The optimum was a 
compromise between the computing time, ease of convergence, and best overall accuracy 
considering radius vector spreads up to 360 degrees. These comparisons were made using 
the results of OSO-III and Relay-ll orbits. Table 47 indicates the rank of each PODM 
under several classifications. 

A contrasting difference is apparent when comparing the angles only and mixed data 
PODMs in that the schemes converge more easily with an OSO-III type of orbit. However, 
acceptable results are more readily attainable over a greater radius vector spread with 
the Relay-ll type orbit. 


Trilateration 

Trilateration PODM is unique in that it requires three different station observations 
at the same time. The geometry of the three stations is very critical for obtaining accurate 
results. A computed set of results for OSO-III and Relay-ll orbits are detailed in table 39. 
The results of Relay-ll are more accurate than those of OSO-III. This follows the same 
trend as the other PODMs using angles only or mixed data. Also, Trilateration does not 
have an iteration loop and, with the requirement of simultaneous observations, it makes 
this PODM sufficiently different to refrain from comparing it directly with other PODMs. 
Total computation time for Trilateration PODM was 17 milliseconds. 


Conclusion 

Solutions from twelve different PODMs using data from two well defined orbits are 
presented. A number of solutions were obtained from each PODM when the angular dif- 
ference (true anomaly difference) between observation data was varied from several degrees 
to one complete revolution. The PODMs evaluated use combinations of inertial position, 
angels, range and range rate, and corresponding universal times as input data. The com- 
putation time required for each PODM is tabulated for a nearly circular orbit with a small 
semimajor axis and one of higher eccentricity and a larger semimajor axis . 
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In comparing the five PODMs using position and time imput data, the results indicate 
that the optimum PODM is the Lambert-Euler. Herrick-Gibbs is the optimum of the seven 
PODMs using angles only and mixed data. 

A computational algorithm was used to adapt inertial position, velocity, and time 
input data to angular, range, range rate, and time input data from several different ob- 
servation stations. A general FORTRAN code with program listings and computer program 
flowcharts is documented and can be utilized with computers other than the SDS 930 used 
in these solutions with only slight modifications. The computer core requirements for each 
program listing presented is tabulated. 

The PODMs using inertial position and universal time input data yield solutions to 
the intercept, rendezvous, and interplanetary transfer problems of trajectory analysis. 

The angles only PODMs are the more classical PODMs which solve for fundamental orbital 
elements using the observer as main participant. Standing on a given location on the 
central planet of the orbiting body, an observer can measure the angular coordinates and 
determine the orbit. With the introduction of radar, the mixed data techniques are attrac- 
tive to the trajectory analyst. The slant range from the observer to the satellite is obtain- 
able as well as the rate at which this range is changing. The modern trajectory analyst 
uses the mixed data PODMs more frequently because of the excellent range and range rate 
data available. 

The twelve PODMs may be used in any number of different problems confronting the 
trajectory analyst. The data presented can be used to predetermine a set of conditions 
which must exist in order to use the PODM which will yield the best determination of the 
orbit. Various combinations of observation stations and satellite observation data can be 
used effectively for orbit determination. With the computer programs available to each 
PODM, they may be used as computer program options which can be called on command to 
yield the best orbital results. This would be an efficient and accurate method for deter- 
mining orbits of unknown space objects. The PODM results can be used to determine look 
angles for observation stations at later dates. 
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APPENDIX A 

SYMBOLS AND ABBREVIATIONS 
English Symbols 


Azimuth angle. 

Miscellaneous constants. 

Area. 

Auxiliary vector used in the method of Gauss. 

Unit vector pointing due east. 

Semimajor axis of a conic section. 

Matrix coefficient. 

Equatorial radius of Earth. 

Miscellaneous constants. 

Auxiliary vector used in the method of Gauss. 

Semiminor axis of a conic section. 

The dot product of (- R. • L). 

Element (= e cos Eq) . 

Element (= e cosh Fq) . 

Element (= e cos vg) . 

Ratio of sector to triangle in the method of Gauss. 

Eccentric anomaly. 

Miscellaneous constants. 

Orbital eccentricity. 

Mathematical constant. 

Geometrical flattening of reference spheroid adopted for central 
planet. 

Functional notation. 

Coefficient of f and g series. 

Station location and shape coefficients. 

Universal gravitational constant. 

Miscellaneous constants. 

Coefficient of f and g series. 

Gravitational acceleration. 


Station elevation measured normal to adopted ellipsoid. 



h Elevation angle. 

h_ Angular momentum vector. 

X Unit vector along the principal axis of a given coordinate system. 

i Orbital inclination, 

The imaginary (= 

J Harmonic coefficients of the Earth's potential function. 

Unit vector advanced to I by a right angle in the fundamental plane. 
K A constant. 

K Unit vector defined by I_ X J_ = J<. 

k Gravitational constant, 

e 

L_ Unit vector from observational station to satellite. 

M Mean anomaly [= n(t - T) ]. 

m General symbol for mass. 

Meters . 

N Number of revolutions., 

J 

n Mean motion (= kV"u/a 2 ). 

Number of revolutions. 

P Orbital period (time from perigee crossing to perigee crossing). 

Peri focus. 

£ Unit vector pointing toward peri focus, 

p Orbital semiparameter [= a(l - e 2 ) ]. 

Q Unit vector advanced to P by a right angle in 'the direction and 

plane of motion. 

q General ized element. r 1 

Perifocal distance [= a(l - e) J. 

Parameter of f and g series expansions. 

R Perturbative function (= $ - V) . 

Magnitude of station coordinate vector. 
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R 


r 


r 

S 


S 


h 


S 


v 


s 

T 

t 

U 

u 


V 


V 

w 

X, Y, Z 
x, y, z 
Z 


Station coordinate vector. 

Alternate notation for IL_ 

Magnitude of satellite radius vector. 

Satellite radius vector. 

Satellite symbol. 

Element ( = e sin Eq). 

Element ( = e sinh F Q ). 

Element ( = e sin vq). 

A parameter taking the value 1 or -1. 

Time of perifocal passage. 

Universal or ephemeris time. 

Unit vector pointing toward given satellite. 

Argument of latitude. 

Parameter of f and g series expansions. 

General symbol for velocity vector magnitude. 

Spherical potential of planet. 

Unit vector advanced to U by a right angle in the direction and 
plane of motion. 

Unit vector perpendicular to orbit plane. 

Rectangular coordinates of station coordinate vector. 
Rectangular coordinates of an object. 

Unit vector in the zenith direction. 
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Special Symbols 

Identically equal to. 

Equal to by definition. 

Replace left side of equation with right side of equation. 
Approximately equal to. 

Vernal equinox (sign of the Ram's Horns). 

Infi ni ty . 

Angle between x and y. 

Yields. 

Absolute value of x. 


Superscript Symbols 

Relating to modified time differentiation. Also ("). 

Relating to general differentiation. 

Relating to geocentric latitude. 

Minutes of arc. 

Seconds of arc. 

Particular parameter or special form of an analytical expression. 

Particular parameter or special form of an analytical expression. 

Used to denote average or special form of an analytical expression 
or parameter. 

Degrees . 

Hours . 

Minutes. 


Seconds . 



Greek Alphabet 


A 

a 

Alpha. 

N 

V 

Nu. 

B 

3 

Beta. 

5 

K 

Xi . 

r 

Y 

Gamma . 

0 

0 

Omicron 

A 

6 

Delta. 

n 

TT 

Pi. 

E 

e 

Epsilon. 

P 

P 

Rho. 

Z 

C 

Zeta. 

z 

a 

Sigma. 

H 

n 

Eta. 

T 

T 

Tau. 

0 

e 

Theta. 

T 

u 

Upsilon 

I 

i 

Iota. 

$ 

<j> 

Phi . 

K 

K 

Kappa. 

X 

X 

Chi. 

A 

X 

Lambda. 

¥ 

* 

Psi . 

M 

u 

Mu. 

Q 

O) 

Omega. 


Greek Symbols 


a Right ascension. 

A Increment or difference, 
v Gradient operator. 


v(-) 


a(-) 


9X - 


I + 


HO 

ay 


J 


+ 


iLil 

az 


K 


6 Declination. 
Variation. 


e Obliquity of the ecliptic. 
Specified tolerance. 

5 Coefficient. 

e Sidereal time. 

\ Longitude. 

y Sum of masses or mass. 

v True anomaly. 

Slant range vector. 
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Greek Symbols (Cont'd) 


<f> Geodetic latitude. 

4> Geocentric latitude. 

<t> Astronomical latitude. 

T a 

n Longitude of ascending node, 

y Longitude of descending node. 

u Argument of perigee. 


Abbreviations 


a.u. 

Astronomical units. 

ft 

Feet. 

cm 

Centimeters . 

gm 

Grams . 

c.m. 

Central masses. 

hr 

Hours . 

c.s.u. 

Circular satellite units (also 

h. c.s.u. 

Heliocentric circular 


g. c.s.u.; geocentric circular 
satellite units) 


satellite units. 



J.D. 

Julian date. 

c.u. 

Characteristic units. 

km 

Kilometers . 

CUL 

Canonical unit of length. 

m 

Meters . 

CUT 

Canonical unit of time. 

min 

Minutes . 

deg 

Degrees . 

sec 

Seconds . 

e.m. 

Earth masses. 

s.m. 

Solar .masses. 

e.r. 

Earth radii. 
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Figure 1. Orbit Plane Coordinate System Showing Unit Vectors and Orientation Angles 



APPENDIX B 

LAMBERT-EULER PODM, POSITION AND TIME 

Given Tj (x^, y^ r 2 (x 2 , y 2 , z 2 ) and their corresponding 

universal times, tj and t 2 , proceed as follows: 


x = k e (t 2 - tj) 

(1) 

r l = + V^1 ' -1 

(2) 

r 2 = Vr 2 * -2 

( 3 ) 

ri 

-i = F I 

( 4 ) 

-9 

-Z r 2 

( 5 ) 

v l) = U 1 * M 2 

( 6 ) 


x iy 2 " x 2 y l / 2 

Sin (v 2 ' v l } = Ix^ - x^i V 1 ' C0S (v 2 ' V l } 


As a first approximation, if no better estimate is available, set 


(ri + r 2 ) 

a - 2 


( 7 ) 


( 8 ) 
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and continue calculating with 


' * [ r 2 2 + r l 2 - 2 (x 1 x 2 + y l y 2 + z l z 2>] 2 


in \ s = (r 2 + rj + c) 

V^l cos | V 2 ~ V lj 


sin 2 6 = + 


2a sin o' e 


cos 


\ 6 = + V 1 ' 4a (r 2 + r l " c) 


Set 


s = 1 

Later the analysis will be repeated for 
s = -1 

Continue with 


cos 


1 -v /, .21 

2 e - s \ / 1 *** s i n 2 e 

2 

o 

[(e - sin e) - (6 - sin 6)] 


F = t - 


VT 


if 


I F | < A 


(9) 

(10) 
( 11 ) 

( 12 ) 

(13) 

(14) 

(15) 

(16) 

(17) 
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where & is a given tolerance, i.e., 10 , proceed to equation (22); if it is 

not, save F(a] and increment a, by 5 percent, that is, Aa, to obtain: 


a + Aa 


( 18 ) 


Repeat equational loop (10) through (16), obtaining F(a + Aa), and form 


F'(a) 


F(a + Aa) - F(a) 
Aa 


(19) 


Improve the value of a by 

( 20 ) 
( 21 ) 

Proceed to equation (22); if not return to equation (10), replacing aj with 

a j+r 


*j+i 


FUj) 


j = 1, 2, 3,. 


If 


\j+l 


< A 


E 2 ~ E ^ ~ £ “ 6 

f = 1 - [l - cos (E 2 - Ej ) ] 

3 

g = t - “[ e 2 " E 1 " sin ( e 2 “ E l)] 



Continue by calculating for the classical elements. 


( 22 ) 


(23) 


(24) 


( 25 ) 
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LAMBERT-EULER FLOWCHART (CONT'D) 




C LAyBFRT-H jLlR PRrLl-iK'APY ORBIT nr Tfc R'" ’VA 1 I'M 

C D P3ITIR'- A K D T I YF (rSCP ,5 -Al. # PAGF RT.5) 

C 

OI^FKSK-v f- (?3)>i'/(?)iUV(?) . l.'Z ( P ) , RLC ( ‘ 5 ) / vLC (?) > 
EYl CA2 ) >7i.CCB ) • T( P) t XL CV< 1 ) , YLCV< i ) , 7LC V ( 1 ) /RLCVU 
OR 40 N = 1 , A 

C 

c READ Tw A T *> F p T T AL POSIT VECTORS AM'- Twr| r ; C''*' 7 

f. 

READ 101. Yur<l), YLr<l>> 71 C ( 1 1 , T(l). XLC<?) 
READ 10i» Yi_ r (?)> ZL re?), TIP)/ x v U* X< 

101 FRR v AT(Sri A.» ) 

c 

c ecmr rnrr< 

c 

D R I 0 T 104, XI. C( 1 ) » YL r < 1 ) • 7LE.( 1 ) , T ( 1 ) 1 x'.r ( P ) t y^r ( p 
r XT'U * XK 

104 FORMAT ( 1 ;-0> 1'XUCt 1 ) = V f- 1 A . S , / // t Y u (■ ( 1 ) = M 1 A . 8 * // , i 7 

1 <ST( 1 ) =3T M, .%,//, TXLC( P) = *? 1 f *8^ / / , tYLC ( P) =$>r 16 - J • 

\ / / , F- T CP) axr i A.S, /// r.yYL^f 1 .'<**,// ,9X'Ss-tt 1 . c ) 

c 

C Rf-or C° ‘ , 'P | .!T ATI ’M'S 

c 

c ALL Mr T A 1 S v ‘ /p OL. IS f T I v r SU" RRIJT T ,E 

C. 

ITl M f =0 

S ICA POSE 

S STA OOO 1 '' 

S BRU P00 c 

SP05 BR M ’Cb A S 

SPOO ER M 0?0°P0 

S PRT r C^oopoOO 

s Em 

ta:j=x^« ( t< o) -t ( l ) ) 

R r <1 I:!,? 

ri r ( i ) = s ^ r t ( v l c. ( n * « p+yle ( n * *p+zl c t n * «? ) 

JX( I )aXL -( I )/RLC< T ) 

'JY ( I ) =YL"- ( I ) / R l_ C ( I ) 

6 JZ ( T ) =?l r { T ) /RL.C ( t ) 

VCSSsUXf 1 ) » JY(?) + 'JY< 1 ) *i:Y( p ) +U7 ( ] )*'JZ< 3 ) 

C0 M = XLC ( 1 ) * Yl C(?}-XlE(P) * Y L. C ( 1 ) 
vsr-la ( C™"'/ A3F( C ow ) ) *SDRT ( 1 ,0-VCRr,**P ) 

C = 3DPT ( RLE < ? ) **P + RLf ( 1 ) « *P-P,Q* ( XI C( 1 ) * XLT< P ) + YL' 
r+ ZLE ( 1 )*7LO(P) ) ) 

3=1.0 

14 A=(RLC(1 )+PLF(P) )/■?.') 

C 

C BEGIN L A“B r R T * E JL F R ITERATION 

C 

15 OR 31 1=1 ,?5 

SMrPS = SORT( (E?LC(P)+RLC( 1 )+<“)/< 4 «r,*A) ) 

ANQV = AT A\!( VS IN* Vf^S) 

3HDEL = SRRT (RLC( 1 ) *RLC(P) ) «CBS< A' 0V/R»C ) / ( P.O*A*S' 


) 

■ 3P f ■ -• 

) . Z i. S i 

■- r ( 1 ) r 
//•-?. 


' ( n * > i. 
'EPS) 
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n n n non 


III I II Bill 


CHOFl = SDRT < ( 1 *0) - ( RLrt ? ) +Rl_C( 1 )-C)/<4.D*A)) 

CHEPS=S*S3RT { 1.0«SHrPS*»2) 
fTPSU' = ?*0« at A\( S U EPT>/ CHFP?) 
del t a = ? . r * a t a \ ( sppel, .. ci-ort ) 

F ( I ) = ta.:;-SGRT ( A» » ) * ( ( ERSL^-SI^ ( FP-L < r EL f -i-S ! v ( ' r T ' } ) ) 

CTl = T T I K T 
PRJ GT lOD/CTl 
PRINT 1 DP* F ( I ) < T 

10? FPR M AT(t*i''»4 c ( I ) = *El A , s* *** * * I = ■: I ? ) 

T T I' 'E = 0 

?4 I F ( AHS ( r ( I ) )~0.0 °pD? 000?1 ) 3?/?b,?5 

?5 I F ( I - 1 ) ?D> 30>?6 
?6 fpa= ( r ( T ) -F ( T-i ) ) /Of i_a 

?1 IF ( A(-'I ( f ( I ) / FPA- nr LA ) - 0 *D0'r'0C0N''1 ) 3?1 ? c ’ . 2« 

2F DEL. A = -F( I ) /F°A 

?Q GO TO 31 

30 DEL A*?.? 1 "* a 

31 A = aRS< A* 

S f‘ L V F F i; >p IMRTIAL VFL^rlTY VEET<M'S X’' n T , YDM , 7 . i I . 

3? DIF r = rpf '!. -L M L T A 

33 F 1 r = 1 . 0 - ( A / R | C ( 1 1 ) * ( 1 0- r "3 ( r I r L ) ) 

3 A 3LF = T Al -CRM ( A* * ?/X" ' ) * ( ^ I F ■ -SI' C ' I rr ) ' 

vl rv( i ) = ( Nice? ) -pi_c« xi ("(i)) /cl c 

Yl rv ( 1 ) S ( Yl C ( ? ) -F'LC* YLF ( 1 ) ) /DLF 
ZLFV(1 ) = t/LC(?)-FLC»7l CM D/CLC 
CT?=I T I l 'F 
PRINT I^mET? 

prim I'M, xt cvn ) » yi rv{ i ) , ; ? i cv< i ) 

33 F A T ( < M , I- y ^XV ( 1 ) = 1 E 1 f. • v , / // T Y| f V ( 1 ) = 'i F 1 6 « 9 > / / • ' / L ( • 

SOI JT I F C M CldMClCM nr' r "TF 


I T T K 'F a n 

p i f • ( i ; = ~ :n ( v|_r ( i ) * * ?+ y! r ( i ) « * ?+ 7'_c ( l ) * * r ) 

R R r ' •?! a v i r ( 1 ) * X L C ' ' ( 1 ) + Y l_ r ( 1 ) « v L C > ( i ) 4 7 . 1 r - ( 1 ) * / L f ( 1 ) 

ri rvt i )N’r'‘v'-ini ) 

v s s R f T ( y r ( i ) * * ? + Y >_ r v ( 1 )**•' + 7. L r ' •' ( 1 ) * * "’ ) 

A l c= ( F'tr M ) * y^U) / ( 2 . D *X“ j- w * '~n ) ) 

CS'. IDF = d . T-R'.CL 1 > /Al p ) 

ss* r-'F = ( •"! c v 1 1 ) *ri. run /vda t t y“i ♦mo 

F LC = t: O'-'f ( rc jt [ **'-> fC ' 1 ■ f ¥ * ’> ) 

roc ) r-(A|r- L L r (l) I / ( A I- r* 1 LEI 

XGJ'V. (C/'CF-riCl 

Cf s ''* ys ”• .■ /r- 1 c ( 1 ' 

s T { ( 1 ) * * ?- YPj: / P i ^ ( 1 ) 

S I \ p a c 3 p t ( « - r l p “ * ^ ) * S 1 D v' / ( 1 • 0 + 1 l„ C * S I ' V ) 

p s a t a ■ ( p r p » pf.'sr ) 

Tf s T ( 1 ) - { ( F -FLC* c I M' ) / ( v •< * D ATI? ) ) ) * D'.- ’ ( Al •" > M ) 

My s V[ r ( i ) * /Id, ( 1 1 -Z 1 r ( 1 ) * Yj r 'H\) 

MY= - ( XI p ( 1 ) * 7 LEV M ) -/LE M. ) * • LEV ( i ) ) 

P7 = xi r ( n * v L r v( i i -y 1 1 * x l e v ( 1 ) 

VA’ DF = A t t • (SI A' » r n S ' ' 1 
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S I N'HXsMX 
C8SHY=-PY 

8KEGAsATA\( STNMX, C8SMY) 

EXP=S0BT(MX**2+HY**P) 

8I\'CL»ATAY i (E'XP # HZ ) 

UMJMs-XLr ( 1 ) #SI\'( PYrr,A ) *CPS (SINCu + YLC ( 1 ) *CRS(«‘ rr.A) ' r ?l In- 

CZlC^ 1 )«SIN(8INCU) 

DEMs YLC ( 1 ) * CPS ( ® u E3a) +YLC( 1 ) * S ! Y < n Y E G A ) 

U=ATA\'('JMJY # nEM) 

Wsij-VAYGE 
CT3= J T T W E 
PRINT lOO/CTR 

100 F8RYAT(t M ILLISEC»l!lH) 

PRINT 107/ ALC>FI..C*TE^0 m CGA,0IYCl^' 

107 F8RYAT ( 1 yo, * ALC=tri A. IC= t M 6 . H , // * *TF = * E 1 A . // , 

1 $e'TGA. = tF 1 //»t9PCL = ^n ft* 8/ //,*'■• =4 r l A.S»//) 

AO C0NT I \'Ur 

GP TP A 1 
SPOHO PZ F 

S K ' I T T I K/ fc 

s bfl; *pobog 

A 1 F YD 
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APPENDIX C 

F AND G SERIES PODM, POSITION AND TIME 


Given (xj 
times, and 


cos 


si n 


, y-p Zl ), r 2 ( x 2 > y 2’ z t ) anc * their corresponding universal 


proceed as follows: 

(26) 

r i = + V^T r Ti 

r 2 = +yr 2 • r 2 

(27) 

Cl 

-i = *7 

(28) 

-2 

M2 = F~ 
1 2 

(29) 

( v 2 “ v \ ) ~ y_i * y_2 

(30) 

. . x l y 2 ‘ x 2 y l -k /- 2, , 

(v 2 - vj) - | x ^y 2 - x 2 y ! I V 1 " cos V 2 ' V 

(31) 

t t 2 + t l 

t 0 " 2 

(32) 

T 1 = k e (*1 ' to) 

(33) 

T 2 = k e (^2 - to) 

(34) 
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i 


r 2 + r l 
r 0 = 2 


(35) 

y V 

A = 1 

2r 0 3 


(36) 

y V 
B = 1 - 3 

2ro 


(37) 

A = A i2 - B 


(38) 

-o ' l?)^- 

(?U 

(39) 

ro ■ ( r ] r 2 ' 

(?) !, 

(40) 

r o = Vto • -o 


(41) 

v 0 = V r 0 • r 0 


(42) 

• Co ’ c 0 

r ° = r 

r 0 


(43) 

I _ 2_ V 

a r 0 " y 


(44) 


1 



U 0=73 

r 0 


p _ r o r o 

p o - 

r 0 


q 0 - 


Vo 2 - r 0 2 U 0 


Utilize the f and g functions: 


and form 


fl = f (Vo, ro, ro, tj) 

f 2 = f (Vo, ro, ro> r z) 

91 = 9 (Vo> r 0’ r O’ T l) 

92 = g ( v O ’ r O’ '"O’ t 2^ 


D - ^192 " ^2^1 


c i = r 


(45) 

(46) 

(47) 

(48) 

(49) 

(50) 

(51) 

(52) 

(53) 
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(54) 


C - — 
L 2 " D 



Hence, a better approximation to r^, fg is 

-0 = -l + ^2 -2 

-0 = ^1 -1 + ^2 -2 


(55) 

(56) 

iven by 

(57) 

(58) 


Return to equation (41) and repeat the equational loop to equation (58); 
continue until r n , r_, V n from equations (41), (42), and (43) do not vary, 
that is, 000 


K r o) n+ i - ( r o)J 

< e l 

(59) 

|(ro) n +l - (r 0 ) n l 

< e 2 

(60) 

l^0^n+l " ^0 ^n 

< e 3 , n = 1, 2 q 

(61) 

Where ej, e£> anc * e 3 are tolerances, 
utilize the derivatives of the f and 

*1 = f (v 0 . 

i.e., 10 Having r , r , and V , 

g functions, that is, 

HD. ro, T i) 

(62) 

9i = g (Vq. 

rQ> fy, T i) 

(63) 
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to obtain 



+ 9 1^0 


( 64 ) 


Continue by calculating for classical elements 
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F AND G SERIES FLOWCHART 









F AND G SERIES FLOWCHART (CONT'D) 
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C F AND G SERIFS PRELIMINARY ORBIT DETER''' I NaT I ON NET MB'" 

c position a vd time (escrbal/Rage ?mi 

c 

D I MEND I RLC < 3 ) UX < ? ) , UY ( ? ) , UZ < ? ) # XLC ( ? ) , YLC < ? ) * 1 ( 3 ) # 
CTAU(?)*XLCV( 1 )> Yl.FVl 1 5 / 7LCV ( 1 ) /RLCN(255 / C { 2 ) / Cv ( 2 ) * G ( ? ) . r ( 
CVM25 5 >RLCNV(25) # XLCN < ?S ) / YLCN < 25 ) # ZLC‘- ( ?R ) /XL C'\7(? 5) . 
CYLCNV(R5)#ZLFNV(RE) , F V ( 1 ) «GV(l)jRl CV< 1 5/?lC<2) 

DR 90 K=l,6 
C 

C READ TW* TNEPTIAI POSITION VFCTRws AND THf- I R CokRr.SP' 7 " ^ I - ' 

C 

READ 101 > XLC ( 1 5 / Ylf(l)/ Z.LC(1), TCI)# XLC(2) 

READ 101/ YLC ( 2 ) / 2 L C C P ) # T ( P ) # X^D/ X< 

101 FORMAT (St“l ft.* * ) 

C 

C ECHO THFCK 

C 

PRINT 10 4/ X L C ( 1 5 » YtC( 1 ) / ZLC.M, ) / T< 1 ) / VI.C ( :>) , YLC ( - v 1/71 C (.' ' 
CXM'j/X* 

104 FOR m AT ( 1 mo, 3,X|_C( 1 > = r-Flft / //t-YLC( 1 ) = 'lFK-.8///, 1 Zl.Ct 1 ) = 

1 *T( n = *H f. .S//// +XLC( ? ) = TFl, f-.H///, $YLC< pi -t> c U ."'•//> '7 \ '"(•• 
1 ///t-T(?5=TriA.8////TXMU='f ; n 0*8///,$XK = t-ri A* A) 

c 

C RFGI K r^'-PuTAT ri v S 

c 

C ALL META • SYMBOL IS I T I SD -ROUT I vE 

c 

ITI'TsO 

S LDA 20-3S 

S ST A OROH 

S PRO POOS 

S205 BP” POrA'S 

S200 E0 M OF'OOPO 

S POT = 0 ~ 0 0 P 0 r ' 0 

S FIR 

1 DC 5 J=1/P 

Rl.C ( J ) =S~ST( XLC( J) * *? + YLC< J5 «*? + 7l C< J) * *2 5 
'JX( J)=XL.f( J)/RLO< J) 

U Y ( J ) = Y | C( J5/RLCI J) 

5 'J7 ( J ) =71. r ( J) /RLC ( .J) 

VCOS = l.'X ( 1 ) *JX( 2) +NY( 1 ) Y( 3 ) +'J7 ( 1) * .17. ( p ) 

CR” = XL C( 1 5 * Yl C ( 2 5 - X!.C ( ? 5 * Y L0 ( 1 ) 

VSIN = r n ”/A r 'G ( C°”5 *Sf:RT ( 1 *0- VCDS* »p ) 

T ( 9 5 * ( T( P ) +T ( 1 ) 5 /p.D 
T A'J ( 1 ) = ”✓* (T (1) - T ( 3 ) ) 

TA'J< ?) sV/» ( T (2) -T<3 ) ) 

RN = ( R L C ( 1 ) + R l_ C. ( 2 5 )/P.O 
A = 1 «0-X'': '*TAL( 1 ) «*?/(?.0*RV»«3) 

B* 1 « 0- X M ' J*T Al. ( P ) **2/(2»0*RV« *3) 

D E L T A = A » T A ij ( P ) - R « T A J ( 1 ) 

XLCN( 1 ) = (TAUf 2) /PELT A ) *vLC( 5) - ( Ta',( 1 )/"' r L 1 A) «>.| C(, ) 

Yl CN( 1 ) = ( TA 0(25 /DELTA ) *YLC( 1 5 - ( T A' :( 1 ) /'V LI A ) * Yl. C ( > ) 

ZLC V ( 1 5 = ( T AU < 2 ) / nr LT A ) *7LC ( 1 5 - ( T a '(1 ) /OF L 7 A ) » / L C (' ) 


2 ) - 
T ! k/ F r ' 


T ! - ) t 

(■•• • / / / 
) = r 1 ' • 
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non 


XL C ! V t 1 1 »( A/ f 'U.TA )*XLf (?) -( !'/r>FLT‘ ) * Xu M 1 ) 

YLr jvm = ( v r 'H tm *yi n ?) - ( ••/Da..TA) *vi r< i ) 

ZLrr ( i ) = ( v r LLTA ) * ; i_ c < . /M-m a ) */LU i > 

PI r'i(l ) S^'JPT (XL C' ( 1 ) **?+Yi.f ( 1 ) x xP + ZL r '(1 ! **? ) 

v \ ( i ) =sp^t( x! cwf i ) * xp+YLrvv( i ) »*^+ZL'" v( i ) « *r > 

R|„ r’!V( 1 l = ( XL r 'M( 1 ) *Xl,rvv( 1 ) + v| C' ( i ) * ylc'-M - ) + Zt C‘ .(1 ) * / 1 

■v^lcm 1 ) 
c 

c RrrjU' r am n I t 1 Rat r \ 

c 

Of: 53 1 = 1 / Rb 

Al^Vipi" / : '| CM I ) -VN{ T ) **?/y 'i; 

U N =X K ■ J/'H 

R‘ = ( fir* ( r ) * r -'Lr '■•( I > ) / pi r t n*»;' 

QC s ( V' ( t )x»P-RlC’' ( I ) » »p* J* )/PLC ( J 1 x x p 
30 Pf -3? L=L? 

F(L)=l.''-3«5*ui‘ *t a 5 ( L ) * »° + T ,5*U *p\*rA (L)**3+lO/54- 
'’Qh-l h • 0 * «P* * xP + .M* *? ) « T a i : ( L ) * * 4 + 1 • 0/4 • ? * ( 7 • •; « „ " x « > 
r«yv-l!L**' > xPr v ) xT V'(L) »*r>H .0/7? O.P« (AlP.P* ..\*P» x + P»'} k - -> 
r - L’ ' ‘ * * 3 - “ • ° * I \ x 0 * ' x * 9 - ! 1 h S • p » , ; \ * P - x x 4 + ? 1 3 , 0 < U ‘ .»*"■) 

?.? G ( L ) sTA' :f l ) -1 .D/A. ! ) * *3 + 1 • 0/4 Ox . \ * i” * T ,(L). 

r » ( 9.0 O' -Ab.OH'Nx *>■* xP + 'j‘ **?) »tA v J( L ) * »5 + J • .'/3G •■,(},( 
C p \*x 9-90 . 1 x U »n>, » i 5 . R * !.'Y » * ?*!-'• ) * T A ij ( L )*■*'■, 

0 = F( 1 ) xC( P ) -F< P ) *'■< i ) 

C( 1 ) =GC-M/ r ' 

U P ) = - 9 ( 1 j/0 
CV(1 ) = - r ( p ) / ’' 

CV( P ) = F ( i I/O 

xi.ru i + i i = r< i i *xi c< i )+f(p) *xi. C(? i 

y l c ' ■' ( i+i i = r ( i ) * Y! r ( i ) + c ( ? ) * ylc ( ? ) 

ZL.r. 1(1+1 1 sf( 1 ) *71 r ( 1 )+C(?WLC(?) 

xi c-ru I + 1 1 = r. v, ( i ) <\ lc( n +rv( pi *xlg( ?) 

YLT'Vf I ♦ 1 ) = C V ( 1 )xYLf.( 1 )+CV(P)*Y|..C(?) 

Zirjvt 1 + 1 ) =CM 1 ) * 7LC< 1 ) + C V ( ? ) * 7 L C ( p ) 

RL r\'( I+i ) = G L n T ( X I r\( r+i ) **?+YLr. ( ! +t ) * »P + /_L C K (1+1 } * «~> ) 
vf ( i + 1 i = p g p t ( xt r ” v ( i+i ) k »?+ ylc.o ( t + 1 ) * *p+;'LC’\V( I + \ i » » 
Rir"\’( T+ 1 ) = ( y LC’(T + i )»xl C ► V(! + l) +YLC\'( T + 1 ) * YU • ' ( ! + 1 ) + 
r7 .l C"( I + 1 )*ZLr\V( T + 1 ) )/si c.\( !+l ) 

CTl*I T rT 
°R!':t lo^xCTI 

pr!*jt r?,4 r\( i ) , i , v\( i ) ,r , plc- v ( T j # t 
10? FORMAT ( 1 U1,*.PLCX'( J ) = tF 1A. » *K »* I T?x //. • V- ( I ) = + f 16.- 
i //> t'U.r v ( i ) «tci A.«f.*x »xx i = t i?) 

I T T rr = 0 

47 !F( ARG(Pl CM T + 1 ) -PLC'U I ) ) -O.OOOjOPOOJn 4 - n3» 1 1+ 

4* IF( ABC( V'( 1 + 1 ) -VM I ) ) -O.ODOI'OOOOOl ) 49.h3.53 

4 9 IF ( ARG( 9LC K V( 1+1 1 -RLFKV( I ) ) -C * 0 JO'iO 00^01 ) hU M. 3 • 

53 Cenpur 

SFLVT r«p UPRTIAI VALGCT+Y VF f!T‘li<S X !'°T , V D' 5 T . 7 ■' •' ! . 

50 XLCF = XL^"( T +11 
YLCFsYLf' ( 1+1 ) 

71CF = ZU~' ( T + 1 ) 
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y urvf sxt rvv( t + 1 ) 

VLcvr = vi r-,V( i + i ) 

7urvF =7t.r\V( i + i ) 

54 FV( l ) =-' : K '» TAP( 1 ) + 7. VS.O^A'kPN^T A';< 1 ) * *P+ 1 • 0/6 »■-«('■? • ' » 
cUK* DK .**'»+u k **a)* T Awi(i > * *3mo/.«. o* < 7*c m'* P'-* * o- -! • o* • • ' 
r*PN) * T A ' ! f 1 )**4 + 6.O/7P0.0M 530.0* M * *?* ON-24 . • * .•':**• ' * 

C45. 0*l K »0V**P-945.0* !!\* n ‘l*« a + ?i:) . 0*>JN* *P\* ) * T ‘.J( ] ) « 

6V( 1 ) = 1 • 0 - C • 5 *UM * T A 1 ; (1 ) * * ? + : |k : *P’. * T A J ( \ ) » * P + 1 . ,/7 '» O* {' . 
C4 5 . 0 * L‘f »!’’.•* #P+UO* *?. ) * T A’J( } ) * *4 + 1 . n/50 ♦ "** ( Pi 0*0*4 p\ ■» » •; 
rPK#Q\-l=5 . 0 «'J V * *2* p M) < T A J ( 1 ) **5 
ytCVf 1 )*FV(1 ) *XLCF+GV( 1 ) * XL CVF 
V L C V ( 1 ) =rv( l ) xYLCF + 5V( 1 ) *Yl.rVF 
7\ C*V{ 1 ) sFV( t ) *ZL rr + 'iV ( 1 ) *7LTVF 
CTP= IT I‘T 

pkimt n^rr? 

PR t MT ITT, XLCVd MYI.CVM )#7LCV(U 
107 FPP M AT ( ’ 17* iVLCV( 1 ) =+Fl6*x, / / 1 *yi rV{l ) = r 1 6 ♦ « / / / < • H.R' f 

c 

C S p |_ '■ J T I ° ' F f, R CI.AFRICAL r LF M "MS 

C 

ITT ' A l r = r ' 

RLC ( 1 )="'' n T(ytCM (x^ + vi C(i. ) » * R + / 1 C(l) **?) 

RPO q T= V|. J ) x XLCV( 1 ) +VLC< 1 ! * YLCv’ ( 1 ) +Z! CM ) *7L F / ( ‘ ) 

Rl.CV ( 1 ) =oRO°T/RL r ( 1 ) 

V a SORT ( v| CV < 1) *»p+ Y1_<~V ( ", ) **"' + Zl Cv ( l ) ** ' 3 ) 

AL F = ( Rl.r M )xV M a)/(2,' , xX K -"J-V>xPx' 7 Lf(t) ) 

C?'.I?F = ( 4 0-RLC< 1 5 / A 1_ r ) 

ss'jpf = ( m r. w ( i ) *rl c< i ) ) /root ( x k/ u* ai_C) 

ELC=GO DT ( 35uPF»‘" > + C-'.'RF* »?) 

CPSF = ( ALC-PLRC 1 ) )/< UC« r LD 
xsu‘5' a A! <-* (c^sr-ri o 
CF5V = yp jn ,:/Ri C!l) 

S IMVaC'I’-’T ( !-LC(l ) * * 2 - \'5UC; ■*•' * *T* ) /RLC( 1 > 

3 IMF* 30'' T ( 1 . O-FLC**'’ )*Sr'V/(M + H C * S T ' ' V ) 

F a A T A k (PMF,rOSC) 

TFaT (1 ) - ( ( r -FLC»p TMP ) / ( VKxSCRT ( X' .,) ) ) *5 ;;pt ( ALC * * 7 ) 

MX= Y[. CM ) *ZurvM ) -ZI,fm ) » VL CVM ) 

MY = .(VK(t ) *7LCV( 1. ) -Zl C( 1 ) *XLCV( 1 ) ) 

HZ a XL CM ) X v L rv(L ) - YtC( 1 ) *XLCV( 1 ) 

V AM OF = A T a k ( G I MV < C c SV ) 

SIMHXaPy 
CPS lJ V = -'-iv 

«'TO# = AT A v ( j I \ |jy , CBQ.-iy ) 
f7XP=CC' pT ( J X* «2 + i J v»*p ) 
fllNCLaATA'v ( EXP, H7 ) 

IJMlJ^a-XLCt 1 ) *SIM( n Hf;nA) *C.PS ( m Cl ) +VL C.( 1 ) *C n 3 ( «‘T '.A ) * rr 
CZLCM ) * S T ‘ ) 

OF M = Xl„C ( 1 ) «C°S(‘) v,r 3A)+YLC(i ) *S I:- ( r ’ M r G A ) 

' j s A T A ' ' ( ‘ 

WaU-VANRF 
CT3* !TI"r. 

PRIM! n^.CTP 

100 PfR M AT ( +•'“ I LL I SFC = 1 1 3 ) 

PR T MT 107, A l CxFLC>TF,S >j F G A . 01 MC L. , W 
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in * n 


107 FORMAT ( 1 H0j$ALC = TF1S* s ?,//,$c:LC=I-Fi 6.8#/// Tlfs-tr 1A.«, / /, 

148MEfiA = T-ri fe. 8/ / //'TQ I n'CL»*F1 6*8//// *•••;* SF1 6.8/ // ) 

90 COMIMjr 
Ge T P 61 
SP050 PZF 

M I \l I T I 

BR'J 
61 F k - n 
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APPENDIX D 

ITERATION OF SEMIPARAMETER PODM, POSITION AND TIME 

Given r-^ (xp y p Zj), r 2 (x 2 , y 2 , z 2 ) and their corresponding universal 
times, tj and t 2 , proceed as follows: 


T 

= k e (t 2 - tj) 

(65) 

r i 

= + VCl * Cl 

(66) 

r 2 

= + V r: 2 • c 2 

(67) 


r -i 


U -1 

= r i 

(68) 


r -2 



r 2 

(69) 

cos (v 2 - Vj ) 

= h • y 2 

(70) 

sin (v 2 - v ^ ) 

x l*2 - x 2*l / 2 . , 

l x I y 2 " x 2 y l 1 V 1 ' C0S v 2 “ v l' 

(71) 


As a first estimate, let 

p g = 0.4 (r x + r 2 ) (72) 
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and 


P = P n 


( 73 ) 


and continue calculating with 


e cos v, = — 1 
1 r l 


( 74 ) 


-*--1 


e cos V2 = 


( 75 ) 


cos (x>2 - v^)(e cos v-| ) - (e cos v ? ) 


e sin V-. 


sin (v£ - vj) 


( 76 ) 


e sin V2 


- cos (v2 - vj)(e cos V2) - (e cos vj) 


sin (v 2 - Vj) 


( 77 ) 


- — 
= y(e cos vj) + (e sin v-^) 


( 78 ) 


a = 


1 - e* 


( 79 ) 




( 80 ) 
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If e f o, proceed with equation (81); if e = o within a given tolerance, 
continue with equation (83). 




r i 

cos E.j = — (cos v .j + e ) , i = 1, 2 

r 



Continue calculating with equation (88). 

e = 0 , vj = 0 

cos E-^ = 1 

cos E 2 = cos (v 2 - vj) 

sin E-^ = 0 

sin E 2 = sin (v 2 - v^) 

M.j = E^ - e sin E^ , i = 1, 2 



( 81 ) 

(82) 

(83) 

(84) 

(85) 

( 86 ) 

(87) 

( 88 ) 
(89) 
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If F = 0, proceed to equation (92); if not, increment p by 5 percent and, by 
repeating equational loop (74) through (89), obtain 


P-( D ) ~ F (p + Ap) - F (p) 
Ap 


( 90 ) 


Hence, a better approximation to the semiparameter is 


F ( Pj ) 

P j + 1 = P J " F '{ Pj) 5 j = 1, 2,...,q 


(91) 


Repeat the above loop q times until p is constant within a given tolerance, 
i.e., lO'lO. Finally, continue calculating with equation (92). 


f = 1 




)] 


g = t 



- sin (E 2 




r -Z 


f El 


g 


(92) 

(93) 

(94) 


Continue by calculating for classical elements. 
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ITERATION OF SEMI PARAMETER 
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ITERATION OF SEMIPARAMETER (CONT'D) 
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r I T E. P A T I f'F SC M ! n A. r --.p'F Tr P r-r .' r l. I " l" APY r 

c posit i** a-',-) Ti“t- c-^ch'ul . ■■’A or :>m 

C 

0 1 -T,- s I"-' r ( p- 3 ) , ••>LC{ ^ ) , - jx ( o i , uv( )#•■/.( -> ) 
r cr-nv < ? ) . s i s v ( a ) i rn S'- ( ? ) » ^ i ' ! < ° » a ■ c;c ( o > > 
"Zl.rv( l ) , -?j_rv( i ) #'»i cm j ,xlc( '•> > y i cf?) >/’.r 

Or- ->c '< = 1 j A 

c 

c PET a 0 T *■' ° T‘E C 'TIAI P^s I T I ** r vfCT r ':.''; A\D T 

C 

rca^ io 4 , vi_ r ( j i , y l. r c i ) » 7 i r M), im- 
PE a ^ 101 ., v L r( 0 )» Z[.r(p), T (P)/ \"J» X' 
101 r r- r ’ v. t < c r i A • c ) 

C 

C f f ■ • i ° 

C 

p'M'n 10A, x [ C ( 1 ) » Y r ( i ) , / 1 r ( 1 ) . r (1 ) , x 0 
r i Mi yv- 

10 '* F p ' ' a T ( 1 0, t-VLCM ) = r 1 A. *, '•( 1 ) = 

1 t,T ( 1 ) r a r 1 /, . s J // , tvi_r ( P ) = + r i - . S> // . tYl.f ! P 

1. / /M--T ( n i = r r ] a, , H, //, i .-.*,//,*'«=• ' 

C 

r sf or t > TA no* o 

r 

C A[ |. * r T \ 1 to t r I -r f: ’ ■ F 

C 

1 T T •’* =•' 

S LP a fo? 3 p 

S Sta o-y; 1 ' 

S S F 1 1 " 0 o 

Spn: 5 

SPOO ro-* OP O'" 20 

C; Pr-T - 

S r T n? 

TA')=v-'« f T (P)-T(tl ) 

0 ° A J* 1 ,P 

PLf(vi) s | ' , ’'vT( vi_r ( j)*» t + yi c< j >*»■-’ ■* ’'_C( Ji « « 

'JX ( J ) = V "( J ) /Ptc ( .1 ) 

JY ( J ) = V! r ( J) /-’LC< J) 

A UZ( J)=7| F( J) /XLC( J) 

vc a 0 = ' yM)*L v (?)+'iY(i)*'.Y(P)+Li 7 M)*.;Z( P 
CfM = ylf ( i ) * yi C( P 1 -XI '" ( p ) * Y L_ 0 ( 1 ) 
vot -i = r r, ‘ ■//. n; t c o> ') *s o.m < i . o-’-'!" nc; * »-,>> 
pr=o.o* r'i_r< i j+pi C(pi > 

“j. r = po. 

C 

C Sf. '5 1 ‘ J yr!.' AT pj* or nr v j p A i- A ' 'FT F -1 

c 

11 0“ P, I si, PS 

rcoovp 1. 1 =pi.c/ ?lc< n-i o 
rrr.''(?i =n c/wl c ( o > - 1 *o 

CST mv (l ) = ( vc Q 3*:- r^s y ( i ) .Fr»p'(? ) j /vo P-. 

F. ST ’O' ( p i = t -vrf;s*ro9'.;v( p i+rpsvn ) > / VS] 


I T r: 1 r - ■'] 


P COS' ( 1 . ; 

X XA‘- (P) . ,;.C 

( p ) > i ( p ) 


j >;n 

X L C ( P ) 


(•-), y; t ’ ) , z 
A . s , / / , ; 7 ( 

) - T 1 • , / / I 

1 •• • ) 


P 1 


45 



o n n ^ n n n 


ELC*SE)R T ( A8S(EC9SV< 1 ) * #2+ES I W M ) **? > ) 

ALC«PLC/( 1 .0-ELC**2) 

ETA*XK*3QRT< ABS(XKU/ALC#*3) ) 

cesvd )*plc/<rlc< i ) *ao-i .o/elc 
cesv(? ) =Pir/ (R lc< p) * elo -i .o/elc 

S I \'V ( 1 ) = {VC0S*ECPSV( 1 )-ECf;SV(2) ) / ( VS IN* EL C ) 

s i nv(?)« t -vcPs*Er°sv( pj+rr^Gvc i ) )/(vsj\'*flc> 

?4 !F(ELC-P.DOC)OOOOPOl ) 30,30^5 
?5 DO PR 

COSErn =RLC( > ')/PLC*( C9SV( n +PLC) 

S I NE ( L' ) s 3I_C ( s )/ p LC*30RT M .o-ELC**p) *SI vyr ) 

33 AKQE( M )*ATA\(Sr!P(N),C05 r (V) ) 

23 30 TP 33 

30 Eir=o*o 

31 vlcm ) s^O 

crsem )*i .o 

COSE ( P ) sVC?S 
SINEM ) =0.0 
S I VE ( P ) = VC 7-V 
ANOE < 1 ) =o.O' 

Af'RE(p) = ATAS(sr.r(2),rfiPE(5) > 

3R DP 33 ^= 1 ,P 

30 Xf-‘F A 1 " ( ^ ) = A \'G(- ( M ) -ELC* S I ’ • E ( w ) 

AO P( I)=TA'!-( (X^A\(P>-^F<\'(1 ) )/FT*)«X< 

CT 1 s I T I “ r 

Ppp.'T IDOiCTI 

p F I T 1DP, FII).! 

103 FPR M AT ( 1 iO , t,r-‘ ( I ) = HE 1 A • RT** * * * I *' J JP> 

I T I M E = 0 

41 I T ( ABOffM ) ) --J.OnoD'POO°l ) 43*42,43 

4 3 I r c I-n 4 7, 4 7 M3 
4? fpp=(T( n-r( i-n )/Dn_p 

44 I r ( A HS ( ~ ( 1 )/rpp-T|_P) -0*0000000001 ) 49, 4 5.4-j 
4F DF-L P = -FI T ) /F r, P 
4 6 3P T p 4 c 
4 7 DF L p = 0 . "'■->* p L r 
4R °l C = A!1S ( r 'L E+DLI. P ) 

SOLVE P'!.- TM« RTIAL vrL®r JTY VCTT' 1 ^ X"’'T> I'D T , / ' " ’ • 

4 0 r l C = l . 0- ( A I C/K'LCM ) ) » (1 .0-0' F( A ( p) - ' - .3: ( 1 > ) ) 

50 3t C = T A U- 5 DPT ( ALC**3/X v :.i) » ( A' 3E ( 2 ) - A'.HF ( 1 ) -S V ( f (P 

XLTV( 1 )= ( XLC(P)-F I C«YLC( 1 ) 1 /OLE 
Yicvn > = r Vi cf2)-fi.c*Yi cm ) )/oi.r 
ZLCV(1 )rf 71 r rP)-r|_C*7Lr( 1 ) ) /OLE 
CTPs ITI't 
D FI'IT 10 0 , FTP 

°FI IT 103. X L C V ( 1 ) , Y [ E V ( 1 ) , 7 L E V ( •; ) 

03 r rj P M 4 T M ' ’ 0 » A- X L E Y M ) = - F" n • ° , / / , 1- Y L. o V ( 1 ) s ! > : 6* 5 * / /, 71 

SPLJ t T w- r f ' ; < CLA°DK M n_t **: '-TP 

1 T T M F a 0 

3L.C( 1 ) ao-o-T ( V L C( 1 ) * *p + YI E m ) * * P + 7 ! C < 1 ) * »P ) 
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I 


RRD9T=XLC( 1 ) *XLCV( 1 ) +Y|_ C( 1 ) *YLCV( { )+Zl_C< l ) *ZLCV( 1 ) 

RLCV( 1 ) =RRD9T/RUC( 1 ) 

V-SORKXUCVU )**? + Y|„CV( 1 > **2 + ZLCV( 1 ) **? ) 

ALC® ( RLC ( 1 )#XMU)/(2.0*XMU-V#*2«RLCn ) ) 

CSUBE® ( 1 • 0 -RLC ( 1 )/ALC> 

SSUBF® (^LCV( 1 ) *RIC< 1 ) )/SQRT ( XMU*Al.C> 

ELC s SQRT ( SSUBE**F+CSUBE**? ) 

CeSEC.« ( ALC-RLC(1 ) )/( ALC*ELC) 

XSUB^=Al.r* (C p SEC-FLC) 

CesVC = XSUBW/RLC( 1 ) 

SI\VC=SRRT(KLC(1 ) * * P - XSU^K* * ?. ) /K LC ( 1 ) 

S I NEC® SORT ( 1 •3-CLC**?)*STf,VC/(l*0 + £l~C*BI > ' vC) 

E s A T A k ' ( SIMEC* C8SF C ) 

TE = T{ 1 )-( (f -FLC*SINEr.>/(XK«SRRT< yt-J) ) ) »S9>- T ( ALC»* 3) 

HX=YLT( 1 ) *7irV(l) -ZLC( 1 ) *YLCV< 1 ) 

WYs- ( 1 ) *7UCVM )-7LC(l)*XLCV(i)5 
HZ = XLC( 1 ) X YS_f'V( 1 ) -YUC( 1 ) *XLCV( 1 ) 

VAMOf- = AT AM( S I MVC» res VC ) 

SIMHX = > J X 
COS 3 Y= - IJ v 

9 YES Ac AT A'. ( S I N.MX * C&G1Y ) 

EXPaSRRT ( m , X**P + ‘-’Y**P ) 

9 iKiCLa A TA\ ( EXP, H7) 

UMjMa-XL C ( 1 ) « S I f '.' ( 9 n A ) * C p S ( p I YC'.L ) + Yl C< 1 ) * C p S ( r *' 'C o A ) * C - ' - r CL ) 4 

r. zi.cn )*RTV'<ei\ci> 

RE M = XL C (1 > *C P S< 9” r GA ) 4-YUC( 1 ) *0 I\ { -' m FGa ) 

UsATA 1 ' C r-fc_ ^ ) 

■/l s i j •* V A N r f 

cn = iti‘t 

DRI'JT lP^.CTP 

100 ERR” A T ( ■■ ” ! I LI SEC = t I'-- ) 

p R T \ T Al El. Ca TE » 9 M F Ci A / 9 I L'C | , >< 

1 07 EpR”AT (1 p 0 , $ ALC= *H A , ?■ , / / , f r l.C* h . 9 * ' / > ' TP = '■> f 1 A « B# // . 

1 f 0 '-EG A = 4. tr 1 f. . f! , / / , J,g I V(~L = tr 1 a . 8 , / / , f- = t R 1 A. - 8 . // ) 

90 CP VT I L. ,c 
on tp oi 
spooo pze 

S M IY IT I A'C 

S BRU *PObOS 

Ft FA r ' 
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APPENDIX E 

GAUSSIAN PODM, POSITION AND TIME 


Given r (x^ 
times, tj and t 2 , proceed 


cos (vo - Vj 


sin (vp - 

Obtain the constants 


, r 2 (x^, y 2> z 2 ) and their corresponding universal 
as follows: 


= k e (t 2 - t 2 ) 

(95) 

= + V I '.1 ' El 

(96) 

= + V r 2 * r 2 

(97) 

-1 • -2 
r l r 2 

(98) 

= |xjy 2 - Vl |V* - co$2 (v 2 ' v l> 

(99) 

r l + r 2 1 

4 Vr 1 r 2 cos (■ ^ ) 

(100) 

U T 2 

2V'" 1 r 2 cos . 

(101) 
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As a first approximation, set 


Y = 1 


(102) 


and continue calculating with 


m .. 

x = ~2 - 1 

(103) 

y 


cos ( 2 ) = 1 - 2x 

(104) 

sin ( 2 2 *) = V4x (1 - x) 

(105) 

(E 2 - E x ) - sin (E 2 - Ej) 

x " i » 

(106) 


y = 1 + X (1 + x) 


(107) 


If y is now equal to the assumed value within some tolerance, continue with 
equation (108); if it is not, place the value of y from equation (107) into 
equation (103) and repeat equational loop (103) through (107). Continue 
calculating with 






“ 

2y V r 2 r i cos 

v 2 - v lj 

| sin | 

i E2 i ei i 



(108) 
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( 109 ) 


f = 1 - ^ [l - cos (E 2 - Ej)] 

9 = T t E 2 ‘ E l) ~ sin ( E 2 - E l)] (110) 



( 111 ) 


Continue to calculate for classical elements. 
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C GAUSS I A K Dr 'EL U! v, aRy U r '.r \ s ' 1 v AT \ l '\ 'XT l i' '* 

C Pf:STT! p ^ A k O*TI Mr ( f- SCOP A l # r A 0 r n$) 

C 

oi^rvci^' xu<"( ?) / vu n?) # ?i r < ?> ui r ( ? > # y i nr ?b ) , ylu/ - ) 

^Yl.rV( 1 ) , 71/' V ( 1 )> T (2)/L rw <1 \ 



OR 70 +=1,A 




c 





r 

PF AO T'- a rc'-’TJAl 

p n sn i n • 

;rci: 

n- ;; T { ., f i . r 

c 

RF A 1 ’' 1 n " / X L. C < 1 ) # 

Yi r ( 1 ) A 

7 L r M ) 

, T( 1 ) ; Y I . C ( P ) 


ff a ^ in , Y[_ r ( p ) , 

7 : _ r ( p > / 

If?); 
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F F V 4 A T (-r a A , o ) 




c 





c 

r f.H a rurr^ 




c 

PF I '.T 1 ''u, xicmi 

CXF t; » X< 

Yl r- f i > , 7 

i/ ( n / 

r f 1 ) ; vur ( p ) * v l 

10'+ 

r R R " A T ( 1 0, i v |_ C( 1 ) 

= I t 1 A . p. , 

// / 3 Y-. 

Of 1) s --: 1 A. 8,// 


HT(1 A.*,//, tYLC* ( ;* ) = £' u . - . / / / “ / 


c 

c 

c 

c 

c 

s 

s 

s 

SPOD 

s 

s 

o 

? 


Brsr 


,tm r> K 


ALL V T T a 1 S VK-i; *H. U I T I r - 1 r ' *■' l; T ' ! 1 c 

urn so 

Lb A UU 

sta ruc> 

BC'J UU 

B G v v 1 ^ ^ s 

F ft *) o :j p ;> ^ 

rik- 

TA‘J=X<< < T (? ) -t u n 

o r - i i * i , ? 

c f n t ) **? + vi C( i > ■« 

VC^^sC^L 1 ) *XLC(^)+VLrCl )*YUC( 

C* M =KL C ( 1 1 *Yl C(P 1 -Xl r ( ? 1 *\[ r (1) 

vs i Me c^v aps < c'i v, i *S';wT( i •o-vcrs 

A K G V « A T A '. ( '-‘S ! N » VC ° S ) 

01 = (CL r (1 ) +RLC(? ) )/ ( 'i . 0 *SRP T ( PIC ( 1 ) *P|_ ” < ?. ) ) * C r 
0N*a ( XV. 1 * + A'..#*? ) / ( P.'J uS'CA'T ( ■? L f ( 1 ) *’-'LC ( P 1 ) *R bO ( / 

yi cp ( n = i .c 


) + /I_c< ! ) *?Lr ( r ) > / < Pi. 

*p ) 

*P|_”(P) ) *C r ’' ( .n 
■VP 


'V'- . 
. . ) ) 


c 

C BFGI K . 0A'f>SI* ; . I T r a T | fj ■ 

c 

10 OR 1" 1=1 ,P5 

xi_r p = r 'Wi cp ( i ) * » p-'m. 

FC^Os ] .o-p. 0" M-CT 

Fsr. = rc;pT ( 4.r*xi^ P « ( i .d-xl c P ) ) 

Af-GF = AT\ v (rst\,f r°S) 

X = ( (?.?*A\Gn-S! , ‘-(?.D«A‘ r>D )/(SlV( AXGr )**'?) 
YLCP( 1+1 1=1 » 0 + X* ( P L + XLC P ) 
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nnn^ non 


CTl = lTr*F 

PRINT lO'',r.Tl 

°R I NT 1^, YL CP ( T + 1 ) » I 

102 FORMAT (1 -iO/SVLCP( 1 + 1 ) *$F1 ft. "*«*«»« I =*r j ) 

ITT V (- =0 

1 « I F ( A!' C ( Vi_C.P ( I ) - Y(.CP ( I + 1 ! ) - 0 » nOOOO'iDOO 1 I ? .'/PO, r' 

i? cevT i v ijr 

S0LVC F C P iKfRTIAL VFL q C I T Y VECT' : >'-S XP a T , YL) r T , l f r ' T . 

PC A s ( ( T A l ' « S 0 P T ( XRJ) )/( ?o* Y l CP( 1+1 J »SCPT( r-|.C(P ) *M r ( 1 ) ) ' 

CCR3 ( A* GV/P • 0 ) *SI‘ ( A-.'fiF )))««? 

FLC=1 *0 - ( A/RLC< 1 )) *( 1 »0-CPS< 2*0* A'.GF ) ) 

Ql_f>T AC'-EpRT f A *» R / X 'J ) « ( ?0* ANfiC-SlNI ?•<;* A.V;C ) ) 

XLCVH ) = ( XI C<2) -FLC»Xt C( 1 ) ) /GL C. 

YLCVf I ) = ( Yl C( 2) -FLC* Yl. C.< 1 ) ) /GLF 
ZLGV( 1 )s(?LC(2)-r!-C»7LC( 1 ) )/CLC 
CTP= I T1‘T 
PRINT 1 O''* CTP 

print in, xi cv< i ) > ylc.v( i ) » /i. cv( i ) 

03 FPR 1AT ( 1 HO , J,Y1_CV ( 1 ) =t-Fl A .R, /// TYt.rV( 1 ) = -n. 6 .8* /// • 7Lf ' r, 1 - - 1 ‘ • ) 

SfU. Jll 0k CLASSIC-' L H. FM'TR 


I T I v r * c 

PLC ( 1 ) sO-RT ( YLC( 1 ) » * --'+■ Yl. C( i ) **p+7| C ( 1) « »P ) 

(?F.r>nT»xl r ( 1 ) * XLCV( 1 ) +Y|_r ( 1 ) * YLC'/n ) + Zl r 'm *7l.c V( 1 } 

Rl CV( 1 ) r^P^ST/RLT ( 1 ) 

V = SCA T ( Yj^rv ( 1 ) « *^ + Yt rv( 1 ) * *? + ZLCV< 1 ) « > ° ) 

ALC= ( r lf ( 1 ) xXYU) /(?.C*X‘--.l-V**P»Fur( 1 ) ) 

CS'JPC = ( i O-Rt C( 1 ) /Al C ) 

SS'lPt =C“|, CV( 1 )*RI. r ( 1 ) ) /COK'T ( X M l'x- /. | C ) 

P.ir«F'. , PT( CG'jPf- * * p + C ' 5 ‘GC» *>) 

CPSF= ( A I '--PL r ( 1 ) ) /< Al. r.» r l.f) 

XSuG'-' = A ! . r * (C f, SF- -n C) 

CPGVsXR: 'f ! ."/RL C( U 

S Iv V = co-T( PLf (l ) **2-vPuP J *«r> > /Ri r.( 1 ) 

3 I \'F = c G r, T (1 •' 1 -Fl r '»#' ; n*Sl s, V/(l*0-*n C*Sl"Y) 

F = ATAM( N P r- , C3SF 1 

T F * T ( 1 ) - ( ( r-F LOnfMr ) / ( Y'<*3 CRT ( X'\, ) ) ) * S'A’T ( AL C » * T ) 

PXsYLrt 1 ) */LCV( 1 ) -Zl.r( 1 ) *Y|. CV( 1 ) 

hy=- ( xL.r n ) #7LCvn > - 71.CC i )*xi c\m i ) ) 

MZ= XLC ( 1 ) x Y |_ F V ( 1 )-YL r (l)*XLCV(1 ) 

VANGF = A T A v : ( S I I.Vi C0 S V ) 

SINMX=PY 

CRSHY=-Hv 

< ?PEGA = ATA' l (S!NHX/C8Si | Y) 

EXP = S!.'.PT ( MX**2 + HY»»:> ) 

CIn | CL.= A t A',(EXP#M7 ) 

UN'J'I* - V 1 r ( 1 ) * 8 1 v ( ° Yt-- n a ) * C ° S ( P I K; C L ) + Y LC ( 1 ) * C P S ( ' r '. I A ) •* C. '■> ' ' ( I "L ) *• 
C Z L c ( 1 ) « 3 T v ( 0 I NCL I 

DF W = XL C(1 ) *C°S( + YL C( 1 ) * S I N ( ‘'^FG A ) 

U = ATA\<;:\'U m # DE m ') 

■as u-va k nr 
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go in 


CTR = IT! V 'F' 

PRI'-JT IPOj-CTP 

100 FOP v AT( v " I LL T SEC = 1 1 H ) 

PRTVT 1 ^ 7 j A! C>EI. r, TF» > 0 I N - C l_ . w 

107 FORMAT ( 1 H0/$ A LO’ i ’Cl*>.«, /O tFLCsf-Cl 6*3 / //, v TE. si : i A. s, //, 

190 N 'FG^=t' r 3AtF,//#^3IvCL = 'fri A »^-»//>$ ,- ' = T r K't8<//} 

70 COmT I 'T r 
GP TP 41 
S?050 °ZF 

^ I M ! 7 i N't 

OR'J » r* 0 R 0 S 

41 F. vr ' 
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APPENDIX F 

ITERATION OF TRUE ANOMALY PODM, POSITION AND TIME 


Given (x p y p Zj), r 2 (x 2 , y 2> z 2 ) 
times, and t 2 , proceed as follows: 



cos (v 2 - v^) = 


and their corresponding universal 

( 112 ) 

( 113 ) 

( 114 ) 

( 115 ) 

( 116 ) 

( 117 ) 



( 118 ) 


( 119 ) 
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V2 = vi + (v2 - vi) 


( 120 ) 


e 


(r 2 - r l } 


COS Vi - To COS V C 


( 121 ) 


If e < 0, return to equation (119) and increment by Avp 10 degrees; if 
e > 0, proceed with equation (122). 


a 


r^ (1 + e cos v^) 
(1 - e 2 ) 


( 122 ) 


If a < 0, return to equation (119) and increment vj by Av 2 > again 10 degrees; 
if a > 0, proceed with equation (123). 


sin 


cos 


sin E 2 


cos E 2 


VI - e^ sin 
1 + e cos Vj 

cos vj + e 
1 + e cos 

Vl - e 2 sin V 2 
1 + e cos \>2 

cos V 2 + e 
1 + e cos \>2 


(123) 


(124) 


(125) 


(126) 


M 2 ” M 1 = 2 2 “ 2 1 + e ^1 “ S1 ' n ^2) 


(127) 


n 



(128) 
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F = T 


(129) 



k 


e 


If the iterative function is less than 


10 


-10 


a specified tolerance ej, 


that is. 


|F| < ^ 

proceed to equation (135); if not, save the numerical value of F and increment 
by a small amount, Av, to obtain 


v 


1 


+ Av 


Repeat equational loop (120) to (129) obtain F(v^ + Av) and form 

F (v, + Av) - F (vi ) 

F .( j „ — ± — - — — 


Improve the value of by 


If 


(v l)j+l " 


(vi), - 


F [( v l)j] 


j = 1, 2, 3, . . . ,q 


I ^ v l^j+l " ^ v l^j I < e 2 

where e % is another specified tolerance, i.e., 10 proceed to equation (135) 
if not, return to equation (120) with the improved value of v^. 


(130) 


(131) 


(132) 


(133) 


(134) 
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Continue calculating with: 


f = 1 - ~ [l - cos (E 2 - E x )] 



Continue by calculating for classical elements. 


( 135 ) 

( 136 ) 

( 137 ) 
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ITERATION OF TRUE ANOMALY 
FLOWCHART 
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6 





C I T F R A T I°\' p, F THF TR. if-' A X q ^ A l. Y PRl-' L, I v - 1 f * R Y 0 '>'BI T ^ ' TF • • ! ''! " r- 

C PPS I T I P v A"- D T I M r (!- GC^OAt, PAGE pi 5 ) 

C 

0 1 \S l n \ F ( PS ) » ~H_C ( o ) , I JY (?)»UY(?)<.JZ( -’ > . vLC ( ) . f 1 N ( l . ' ' 0 ' (1 ) • 

r F.C f lS ( P ) . A\r.F ( P ) , Y(_C( ? ) , YtC( P ) . Z L C ( P ) . * L P V ( 1 ) . Y |_ C V ( 1 ) t ' \ • 1 • Y ( ' i 

00 90 R=1.6 

c 

C RFAO TW° I N E P T I Al, POSITION VECTORS AND T lj ! IF C.o v, :-‘iP»*' T ' T 

C. 

READ 101 . xur(l), Y l_ r ( 1 > ZLC< 1 >. T ( 1 ) > X'_C<?) 

REAR 101. YLC(P). Zl.r<P>. T(P). X'-'U. 

101 FPRMATtSFl 6.P) 

C 

C FfWO CHri'X 

C 

pr i yt i o a . xi C( 1 1 o yi_o ( i ) . zuc ( l ) . t ( i ) .ytr (p ) . Ytr r 3 ) . / c ( p) , ■! ( • i . 
0X M U» x< 

10 4 FORMAT ( 1 I'O. JXLCM > = !--[. l 5« //. * Y tC( 1 ) = l C -1 6 .8. // » ■' /'. r ( 1 ) = ■ ■ 

1 *T( 1 ) a$F 1 A *8. //. TYLC f p ) = *F 1 a.8///,*YLc: < P ) =t'Ll6 •-.//»' Z.^f f ) - • r 1 • 

1 //. tT ( ? ) = TF 1 A. 8. //. tX M U = 1=F1 <S.8. //, $X< = " F 1 A* ) 

r 

c R(-gi k r nM Pi t at pr-'O 

r 

C ALL PPTA 'SY^Fai. T p in^r SJ’iROUT \\ c 

c 

I T I , ' 1 F = 0 


s 

IDA 


s 

ST A 

DPO r > 

c 

BRU 

^OOS 

S£D5 

RRm 

PR5 n 'S 

SPOO 

f Am 



S PpT = O^POPOOO 

S FIR 

T A ' J = X '< * f T r 1 ) -T ( 1) ) 

OP A J=1 . p 

RLC( J) = 90RY( XLC( vM * » p + Y|.f-( J ) * *P + 7LC ( J) * *P ) 

J X ( J ) = X L 0 ( J ) / R L C ( J ) 

'JY( J ) =YLC( J) / R L 0 ( J ) 

A 'J7( J ) = 71. r ( J)/RLC( J) 

VC0S=UX( 1 ) * JY( P ) +UY ( 1 } * JY( p ) +UZ ( 1 ) * - 1 Z ( ° ) 

CPM=XLC( 1 ) *YI C. ( ? 1 - X L f ( P 1 *YUC( 1 ) 

VSrJ*rP‘VAPS(CH M ) »SGRT ( 1 •O-VCOR**? ) 

AKGVs AT A" ( VS t X. VO^S ) 

VLC( 1 ) *9.05 

r 

C RFC) I f 1 ITERATION PR TRIJF AT A v 0 L Y 

C 

11 OP 95 1=1 .P5 
IP V L C. ( ? ) » V L C ( 1 ) + A.\ 0 V 

Fl.C» ( p Lf. ( P ) -RLC( 1. ) ) / ( RLC( 1 ) *r6S( VLC( 1 ) > -RL C ( P ) *C n ?~ ( V' ffu) 
IF{Fl.r-^.OCOOOOOOOl ) 17/17.15 

15 ALC= ( p LR( 1 ) * < 1 .0 + CL.r »C.0S( VLT < 1 ) ) ) ) / ( 1 . 0-F !..C*«P ) 

16 IF( ALC-O.OOOOaOOPOl ) 17.17/19 


61 



n n n 


17 VLC( 1 ) =VLC( 1 ) +0«174S3?9?5 

18 GB TP 1? 

19 ESIN( 1 )=S3RT(1.3- C LC**?)*ST\(VLC<1 ) ) / ( 1 . . 3 + EL C*C'-S ( VUC ( 1) 
FCBSU )*(CRS( VLC( 1 ) ) +FLC ) / ( 1 .0+rLC*C9S< VLC( 1 ) ) ) 
ESIM(?)*(S!3RT< 1,3-ELC**?>*SIM VLM?) ) )/( 1 .0 + FLC*C:'S< vLM 
FCB3(P ) ={CRS( VLC( a > ) +FLC ) / ( 1 . 3+FLC*C0S ( VUC ( ? ) ) ) 

ANGF ( 1 ) * AT AN ( ES I K - ( 1 ) ,FC9S( 1 ) ) 

ANfiE(?)sATAN!(FSI' 1 (2) , ECBS(?) ) 

9IF M =AV0F( ?) -AN3F ( 1 ) + CLC* ( ESIN ( 1 ) _ESI\ (?) ) 

ETA=X<*G3RT ( XMU/ 4 LC*#3 ) 

F ( J) :TA> ( 91 F1/F.TA ) «xK 
CT1» IT T M f 

print inn, FT 1 

PRINT 1?P. F ( I ) , T 

13? FPRNAT (l'J.T,$F( I ) = *El A.sjt **« x *1 =: ip) 

ITIM =0 

I f ( AbG(«"( i ) ) o.nnnonnncr l > 

?9 IF( I-l ) 34,34,33 

33 FPV* ( r ( 1) -F( T-l ) ) /OCLV 

31 I F ( AGP ( r ( I )/ r PV- r ' r LV)-3.93 3 '303331 ) 3/',»??,3P 
33 3Fi_V = -F( I ) /F' ; ’V 

33 GB TP 33 

34 9EL'- / = 3 *33* VLC ( 1 ) 

39 VLC ( 1 ) = W L C ( 1 ) +nri V 

SfLVF F°P t \ f R T I A L \>r l IT Y VECTORS X T , v'jl r , / r , 

3A FLC=1 *C - < A l C/RL CM ) ) * ( 1 • 3 - C K ( A .'\i ( P )-•'■' n ( • ) M 

RL C* T AU-CRPT ( AL C» «3/yMj) * ( A - GE ( F ) - A ' .fit ( ; ) _GI‘.( i <?)-*. 
XLCV ( n = ( VLC ( ?. ) -ri.C* VI. C ( 1 ) ) /GLC 
YLCV( i ) = t VLC ( ?. ) - c 'LC* VLC ( 1 ) ) /GLC 
71 C V ( 1 ) = (ZLC(2) -M C»7l C( 1 ) ) /GLC 

CT?s ITl'T 
a R I N'T 13'', C T ? 

PRINT XI CV( 1 ), V!_CV( 1 ), /L CVM j 

33 FBR’-AT ( 1 -'3*4 XLCVM ) =1 [. i c, ,?, //, t V L r \'( l ) = » ( i 6 - - //» 7 1. M 

S P L • J T I A ' r^R CI.APRIC.‘L r Lr-' tK TS 

ITT '^4 

R L C ( ) ) s3' ,r i T ( XLC( 1 ) #*^ + Yl C ( 1 )**? + /.! C( 1 )» *F ) 

RFN^T = Xl. r ( 1 ) * X L C ' ' ( 1 )+YL CM ) * v L.CV( i )+Zi Ml ) */L.M ( i ) 

P L C V ( 1 ) = R" ,r '() T /RLC < 1 ) 

V s G 3 R T ( v L C ' ' ( 1 ) * *3+ YL rv( 1 ) « * R + Zl M ' ( 1 ) »•* a ) 

ALC= ( RLCM ) * v«li) /(?. *?*‘.'Lr ( 1 ) ) 

CSJPf = n « 3 - R I C(1 ) / A L r ‘ ) 

SS'Jp? = ( 'a.CV( 1 ) *PI r ( 1 ) ) /G3 |; T ( X‘'d» A[ C) 

ELC'=SCR T ( 3 tCn «*?) 

CPGF = ( A[.p-' LC( 1 ) )/( Al_C# r l C) 

X5 ! s A !_ *" * (C r ‘Cr - r N.C) 

cpsvsyp:..-. /rl c: < i ) 

S I V = F 3 R T ( R L r ( 1 > » *?-ySL'"' v '« ) /Ri-C ( 1 ) 

Sr.-FsCC'-'T ( 1 .3-ri.r* ) » Sl M V/ ! 1 .3 + r| C* 3 I V) 

E* AT A' . ( G I ' R , CBSC ) 
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CD CO 


TEsTd )-< (F- F|_C*S IMF ) /(XK*SORT(X*nj) ) ) *SQRT ( ALC* * 3 ) 

HXsYtr ( 1 ) k-7LCV( 1 ) -ZLC(1 )*YLCV(1 ) 

HY»-(XLr.d ) *ZLCVd ) - 7LC( 1 ) *VLCV (1 ) ) 

MZsXLrd. ) *YLfV( 1 ) -YUC( 1 ) *XLCVd ) 

VAVGE = AT AN ( S I NV t C^SV ) 

SI\'HX = HX 
C0SHY--HY 

GMRGAsATANISI NHX, C9SHY ) 

EXPsSORT (HY**p+HY**P) 

0I\)CL=ATAN(EXPiM7 ) 

UN'U^s-XLf ( 1 ) *SI\'( 0MEGA ) #CPS ( 0 I N'Cl ) + YUC ( 1 ) *C0S ( !T'POA ) *O0( p r L ) + 
C.ZLCt 1 ) *Kn(0!NCL ) 

DFm=xlc( 1 ) »CPG( 0 M rGA) +YLC(i ) *31 ( n M T Ga ) 

U*ATA''( JVj v ,DCM) 

Wsj-VA* OF 
CT3=ITI^r 
PRINT lGG/CTP 

100 FORMAT ( T I LL I SF C = $ I '^ ) 

PRINT 107/ ALC/ELf / T F / 0 M F G A , e> I K C l . l>' 

107 F0R M AT ( 1 MO, t ALC=TG1 <:,.«///> T r l f 1 6. H, / /, - T F = -f r 1 6 . * , // , 

1 $ P M E (■> A * t r 1 f> • ° , //,^8l \'CL = *F 1 A.?-, //,* a*?"i 8, // ) 

90 CfiNTJNljr 
GO TP 4< 

SP050 PZC 

YIN T T i mc 

BRl i *?OFOS 

41 EA n 
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APPENDIX G 

METHOD OF GAUSS PODM, ANGLES ONLY 


Given a.. , , <}>.. , A Ei , H.. , t.. for i 

f, a g> m, k g , compute the following: 


1, 2, 3, and the constants d<j>/dt. 


: 1 “ k e ^1 " *2^ 


( 138 ) 


r 3 " k e ^3 " ^ 


(139) 


T 13 “ t 3 " T 1 


(140) 


Ai T 


3_ 

13 


(141) 


2 2 n 


B 1 I T 13 " T 3 | 6" 


t 13 


(142) 

(142.1) 


n , 2 2\ A 3 

3 1 x 13 " T 1 ) 6“ 


Tu = 


J.D. - 2415020 
36525 


(142.2) 

(143) 


6 go = 99! 6909833 + 36000^7689 Tu + 0^00038708 Tu 


(144) 


For i = 1, 2, 3, compute 


L X1 - = cos 6.j cos 


(145) 


Ly-j = cos 6-j sin a-j 


(146) 
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(147) 


■zi 


sin 6.j 


de 


= + at (ti - to) + x 


Ei 


(148) 


" Vl - (2f - 'f 2 ~ 2 


sin $ 


— + H. 
1 


(149) 


(1 - f) 2 a e u 

G 2i V 1 - (2f - f 2 ) sin 2 lT + Hi 


(150) 


X.j = - cos cos e. 


(151) 


= G-^ cos 4> n - sin 0. 


(152) 


Z i = " 6 2i sin 4>i 
Compute the following: 

D = L xl ^ L y2 L z3 ■ L z2 L y3^ " L x2 ( L yl L z3 
_ L zl L y3^ + L x 3 ( L yl L z2 ' L zl L y2^ 

_ L .y2 L z3 ~ L y3 L z2 
a ll = D 


(153) 


(154) 

(155) 
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( L x2 L z3 ‘ l x3 l z2) 
a 12 D 


_ L x2 L y3 ~ L x3 L y2 
a 13 D 


a 21 " 


(*-yl*-z3 ~ *-y3*-zl) 
D 


_ L xl L z3 - L x3 L zl 
a 22 " D 


a 23 " 


( L xl L y3 ~ L x3 L yl) 
D 


Lyl*-z2 ~ ^-y2*-zl 
a 31 " D 


( L xl L z2 ‘ L x2 L zl) 
^32 = " o 


_ L xl L y2 ~ L x2 L yl 
a 33 n 


( 156 ) 


(157) 


(158) 


(159) 


(160) 


(161) 


(162) 


(163) 
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and form the vectors 


A = [Aj. -1, A 3 ] (164) 

B = [Bj, 0, B 3 ] (165) 

X= [x p X 2 , X 3 ] (166) 

Y= [Yi» Y 2> Y 3 ] (167) 

Z= [z x , Z 2 , Z 3 ] (168) 

Evaluate the coefficients: 

V = " (a 21 + a 22 - ’ - 

+ a 23 A • Z) (169) 

B 2 * = - ( a 21 * — + a 22 ~ * — 

+ a 23 B • Z) (170) 

S = " 2 (X 2 L x 2 + Y 2 L y2 + Z 2 L z2) ( 171) 


67 



( 172 ) 


Solve 


r 2 2 - * 2 2 + Y 2 2 + Z 2 2 


- <% * 2 * * « 2 * 2 + R 2 2 > 


★ * * 


b = - y (C^ B2 + 2A2 B2 ) 


c = 


B 


*2 

2 


r 2 + &r 2 + ^ V 2 + c = 0 

to obtain the applicable real root r 2 , and continue calculating with 

u 2 3 
r 2 

^1 ~ ^1 u 2 
D 3 = A3 + B 3 u 2 

A l* = a ll - ‘ - + a i2 - ’ - + a l3 - ' - 


( 173 ) 

( 174 ) 

( 175 ) 

( 176 ) 

( 177 ) 

( 178 ) 

( 179 ) 

( 180 ) 
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Bj* - a-j^ B • X_ + a^2 B • Y_ + a^3 B_ • ~L_ 


A3* — ^31 A^ * X_ ^32 A_ • Y + ^33 A * Z 

B3* = 83-^ • X_ + 332 • Y_ + 333 B_ • Z 

A^* + B x * u 2 


P 2 ~ A2* * B2* u 2 


A 3 * + B 3 * u 2 

= ~dI - 


Cl = p iLi - ii 


for i = 1, 2, 3 


Then, utilizing the Herrick-Gibbs formulas, calculate 


d l = T 3 | ,„ ~3 

'l T 1 T 13 


d 2 = (tj + t 3 ) ( — ^ - — 


2 T 1 T 3 


d 3 “ * T 1 I " 3 + 


12r 3 t 3 tj 3 


(181) 

(182) 

(183) 

(184) 

(185) 

(186) 

(187) 

(188) 

(189) 

(190) 
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(191) 



a r 2 p 

From the f and g functions, calculate 

= f (V 2 , 1^2’ r 2’ T l^ 

f 2 = f (V 2 , r 2 , r 2 , t 2 ) 

§1=9 (V 2 , r 2 , r 2 , xj) 

93 = 9 ( v 2> r 2 » ^2 » T 3) 
Continue calculating with 

D * = f l93 ' f 39l 


(192) 

(193) 

(194) 

(195) 

(196) 

(197) 

(198) 

(199) 

(200) 
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( 201 ) 


g 3 

C 1 


C 2 = 

- 1.0 


(202) 

c 3 = 

9 1 
" D* 


(203) 

G = 

c ^ R ^ ^ ^ 2^2 

+ c 3^3 

(204) 

( p l>n = 

^7 (a n G x + 

a 12 G y + a 13 G z) 

(205) 

(P2)n = 

- (a2iG x + ' 

a 22 G y + a 23 6 z) 

(206) 

( p 3>n = 

c7 (a 31 G x + 

a 32 G y + a 33 G z ) 

(207) 


The first time through, test to see if 


K p l>n " p ll < e l 

(208) 

| ( p 2) n ” p 2 1 < e 2 

(209) 

l( p 3^n _ p 3 1 < e 3 

(210) 
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where e^, e 3 are tolerances, i.e., 10 1( ^. If so, proceed to equation (214); 
if not, return to equation (187) using (p.j) n and repeat equational loop (188) to 
(207); however, from this point on, test to see if 


K p l^n+1 " ( p l)nl < el 

( 211 ) 

|( p 2 ) n +l - ( p 2 ) nl < e 2 

( 212 ) 

K p 3)n+1 ” ( p 3^nl < e 3 

(213) 

And repeat equational loop (188) to (207) until test is successful, 
by calculating 

Continue 

-2 = ^ 2—2 ” —2 

(214) 

tz = ~ d l-l + d 2-2 + d 3-3 
Continue by calculating the classical elements. 

(215) 
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METHOD OF GAUSS FLOWCHART (CONT'D) 
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s 


"C M ETHeD 9F GAUSS TRELT M I MARY PRB I T DETERMINATION METHOD 

C ANGIES 9M[_Y (ESCPBAL,PAGE ?58> 

T 

DP 97 K=1 , 25 
“C 

DIMES' SI gk TAM( 3 ) , A( 3 ) , B ( 3 ) , XL < 3) , YL( 3 ) t Z.L( 3 ! / THETA ( 3 ) > DF:-G< 3 ) t 
CREY ( 25 5 , VLT ( 7) , YL r('9 ) , 2 LC ( 3 ) * R L C ( 9 ) iU[X ( T) 7UTT) > P ( 3 ) »ULC;(3) » 

CGI ( 3) ,G?C3 >, Y<3) / Y(G) , Z(3), R<3) > A) (3) , A?(3) . A3(3) - AS{9 ) ,5G< 3) / 
CXLCV ( 3 ) - V LCV f 3 ) * ZLCV ( 3 ) > RLCV< 3 ) , V ( 3 ) VPLC ( 3 ) > 3tC T3 ) - ( 3 ) / '• T < 3 ) 

D I MENS I "' 1 G9<3>*GT<3)*F(3)/3(3>*C(3>'P‘l<25>fPS(25>/P3(?5) » 

CTTT5 , ACFFTTf 3 T * OFT T A ( =5 5 , pH I ( 9 ) , Y ( 3 ) , M ( 3 ) 

C 

T READ ANGLE IWUT DAT 'A 

C 

RFAD - 1 D « 7FLAT7 AF7W, yPij, D T M F T A 
READ 109,T(4);T(1)*T(?),T(3),TJD 

RE AT m'?7TLFF'A (TT; ALWA '( ? ) V A'LPRA (3 )7DFL'TA ( I V/'D’ELTATF) 

READ 10 c ,PELTA(.3)»YA v E(t),YA M E(2) . Y AMe ( 3 ) .1 PH I < 1 ) 

READ TC«/Ff-'I (P S - RUI 'nl ,Mn ) - ^ 2 > ,m< 9) 

108 FORMAT ( K FlA #V) 

T 

C ECMP CPFf< 

X 

PRINT 11 C » F L * T # AT / X '< / X K ' U > P T HET A, T ( A ) > T JD, T ( 1 ) , T ( 2 ) > T ( 3 ) 

I I'D FPFf'AK 1 iO/'5' r LAT = '‘El A.Rt«*Ar = 'AEl 6 . 8 T.-K*XK , = T 1 El 6 .S"'*"X K ',, = ir x ,//, 

1 JDTNETAsTEi 6 • 3$** T( 4 ) =$F1 A. St-**T jB»$El 6 • 8, /// 
j $T( t js^T a • Ri **T ( p ) =TE1 ( • * *T ( 3 ) e$Fl 6 * 8 ) 

PRINT 11 1 , A L p U A ( 1 1 , ALPHA (?) , ALPHA ( 3 ) / DELTa ( 1 ) -DELTA ( p ) , DEM ■'(?)- 
EXA^E( H , va*T ( 2 ) - voir < 3 j 

111 F 0 R v A T 1 1 HA 1 $ ALPHA ( l ) s*ri 6 .?'?•** ALPHA ( 2 ) »HFl 6 • 8$* * ALPHA ( 3 ) = '■ p 1. a . 8 , 

l//» -f-DEL TA (1 ) i$El a.8 :.**oELTA < 2 > -’•* e: Y 6 • 8 T **Pf LTA(3 ) = i.El A »«,//, 
1 *YA' 1 F ( 1 ) = tn A . 8T* * YA- E( ?) = Trt6« YAkE ( 3) stEl 6* 9 ) 

PF I ' ! T 1 1 P, PH’ ( 1 ) - PNi (P) » Pi'! ( 3 ) »H( 1 ) - ?) ,y - ( 3) 

11 ? F p R 1 ‘ A T ( 1 up, 1 PM I ( 1 ) = i'F 1 A ♦ * * P H I ( ? ) = & F ] 6 • 8 * # P U 1 ( 3 ) = '“ C 1 f - 9 , / / , 

i $ \ ‘ ( t ) b TP 1 G * 8 * * *> 1 ( P ) = *.fl A • f •» * U ( 3 ) s $E 1 A » 8 ) 

C 

c BE Gif r^'.-pi. TATI" 1 ' S 

C 

'C ALL f'FT A-SVY90L TP PIT su ! -ROUTINE 

c 

ITI'lEeO 

S LPA ?D5 C 

S STA DPO^ 

S BKU ?P 0 S 

S205 BRv ?"5PS 

S200 EP- DPO p 20 

S PPT = P''P:'?O r J 

S E I R 

Tali 1 ) svy« it ( l ) ) ) 

T A U ( 3 ) ® X / * ( T f 3) - T f 2 ) ) 

DTAU=TAu( 3 >- T AU( 1 ) 

A < 1 ) = T A ! ( 3 ) / p T A l - 

B ( 1 ) * ( CT AL'k *P»T Al ’ ( 3 ) * *? ) * A( 15 /6 - 


s 


L" 
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A ( 3 > p»TAU ( 1 ) /OTAU 
B(3)p(0TAU**?*TAtJa ) **2l*AT317B • 0 

TUp(TJD» 241 5020» 0^/ 36525 »0 ^ ^ ~UU0387- 8 ig 

oe 19 J«l,3 

xu ( j ) 8 c^y < Dt l t a ( j ) ) *r&s r alpha < jrr 

YU(wl)8CBS(0ELTA( J) )*S!N(ALPHA( J) j 
ZU J) «SlM{ DELT A ( J ) ) 

THETA ( J) .GTHETA+DTHETA*(T( J)-T(4) )+YAME{ J) 

DE Wff( J ) ■S5RTTT *ff=T2 * 0*PLAT-PLAT**2 ) * ( SIN l PH I ( J 01**2 ) 

Gl( J)«AF/DEMG( J)+H(J) 

G2 ( J ) ¥ ( J 1 . O-TTA T) *»2 * ~ A ET/'PEHG( J ) +H f'JT 
X(J)»-Gl ( J)*C8S(PHI( J) ) *C0S( THETa (J) ) 

Y( J)»*Gj ( J)»CbS( WU) J^SINCTHETAtJTT - 
Z( J)«-GP( J5*SIN(PHI{ J) ) 

pipxlm )*i YU( 2 )»;i-rji-zi ' (? i #yl < s > > vxutpt *7 ytui *z us y-z u rrm-rsy > 

C+XL(3)*<YL(1)*ZL(?)-ZU 1 >*YU2) ) 

A 1 (T ) * ( v U ( 2") * Z LT21 - Y ITS ) * 7 L '( ? ) 17 D 1 _ 
Al( 2 )«-(XL( 2 ) # ZLr?)-XL( 3 )*ZL( 2 ) )/Dl 
AK^JPCYUtr'OYLt'S 5 -XL (3 )>YL (2 > ) /D 1 
A 2 (l )«-( YLd )*ZL( 3 )-YL( 3 )*ZL.( 1 ) )/Dl 
Ag( ?') » ( XL ( f) *zm ) - XL < 3 ) *ZL~Cl"> )/Di' ' 

A2(3 )p-(XL< 1 >*YL( 3) -XL(3) *YL( 1 ) )/Dl 

A 3 ( 1 ) ■ ( yuT 1 ) *Zut 2 > -YITT 21 *IL TTTT 7 D 1 “ 

A3(?)p-(XK 1 )*ZL('?)-XU(?)*ZU(1 ) )/Dl 
A3 ( 3 ) b ( XU ( 1 ) * YL ( P ) -XL ( 2 > *YL ( 1 5 )/Dl 
AX» A ( 1 )*X(1)-X(2)+A(3)*X(3) 

A Y» A ( J ) * Y ( 1 ) - ' YT2 1*1(3 ) * V ( 3 ) ~ 

AZ» A ( 1 ) * Z M )»Z(2)+A(3)*Z<3) 

BXb B ( 1 )*X( 1 )TB ( TT* X ( 3'T ' 

BY-B(1)*V(1)+B(3)*Y(3) 

BZ = B(1)*Z< f7+ BT3) *Z(? ) 

AS ( 2 ) ■ - ( A? ( 1 )*AX + A2(2)*AY+a?(3)*AZ) 

BS( 2 ) = - ( a? i \ ) *B‘X+12'( ?} *FY+A2< 31' *§i~) 
CHI»-?»3*(X(P)*XL(2)+Y(P)*VL(2)+Z(25*ZU(?) ) 

PC?) ' s 3 Q rr TTl< f? 1~*~*?TY < ?T*T? +7 7 2 ) * ¥ £ f) 

ALC*-(C U T#AS(2)+A5<2)**?+R(2)**2) 

BUC= _ -XT1TTHT4 B ST 1 +Mq* A"3(? ) » BS (PIT 
CLC»-X^';**2*BS(2) **p 


T'PPTFTpTH T’TT'MTa "TPPL7 CATBtiET "RETA'IT' “R0YIT ^F" BLT77 


REX ( I ) ■RLC(?)**8+ALC*RLC(?) **6+DLC*RLC(?)**3+CLC 

PRINT TO. CTl 

PRINT T2, REX f I T /= VC f? >TT 

F9RNAT( 1 u 0> £ P EX ( n "tFls.At# **RLC (? ) BtFl6»3$***I*t I2> 

!TME*0 

I F ( ABS ( RE X ( I )-PEV( I -lj ) -0.0000003001 ) 48.48,49 
IF( ABS(FEX"(1 r-o'.'0RO:nooooi) j 4 81 4 8 >4 3 
I F ( 1-1 ) 46.46,44 

RPRS (REX( !' r-P£x'( 1 - 1 ") ) /DEL r 
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IF(ABS< r ?FX< I I/RPR-OCLR) -I.OOOOOOOOOl ) 4S/45..45 
45 DEUR = -RryrT ) /RPR 
Gfi TB 47 

T5 T3FL c ? = 0 « Ae ;»PLC( 2 ) 

47 RLC(?)*4PS(RI.C(P)+DELR) 

~c~ 

48 Ul..C(2) *Y k 'U/RLC<?) **3 

— D-m=xn ) + b < i >* JL'C(p) 

D ( 3 > «Am+P(3)*J!..r(2> 

AS(l )sAi n }*AX+Ai‘<2) » A y + A i, ( 31 * AZ 
BS( 1 ) ■ A 1 ( U #BX + M ( 2 ) *«3Y + Ai ( 3 ) *RZ 
"AS( 3 ) sAT( TT *A'X+ AG ? 2 } » AY+A3 ( 31*"A"Z 
BS( 3) eA3( 1 ) *PX+A3(2) *BY+A3( 3)*BZ 
v( n i ) +ps c i ) *ui;r 1 r ‘ 

P(P ) sAS( 2 ) +3P( Z) *ULC( P) 

P(3rB'CA3(3T+PS(3^UUr:^2) )/1(3) 

c 

~C~ TTrPArT'7r"t5 p ’P 'P^p -npTEP^T M rJa SCALAR Rp THTC'R'ARSr'VrCnR 

c 

'58 05 9 5" “I *172 5 

5« DB 63 J=< / 3 

XUC (' jyi * ( jy * v'l {' J r-xr j ) 

' YLC( J)=r< j>*YL( J)-Y( J) 

" Z L c rj 5 “=PT JI *7 L i TH - 7. (J V 

63 RLCt J) =^n;<T ( XL,C( J) **P + Y|.C( J ) ** 2+ZLC ( J ) **P ) 

ucc< i )*t alt3t« vx^n/rr?'. o*RL'arr **3 r- 1 .vc t~ auttt^o t Air ) i 

DLC(R) ■ f TA'J( 1 ) + T a i • < 3 ) ) * ( Xnj/< 12*0*RLC(P) «*3 ) - 1 . 0/ ( TA 1 , ( i ) * T a'. i ( 7 > ) ) 
OLC't 3 ) T A0"( \ )V( YY U/( 5 ?;0*RLXT3) **3T+'i • 0/ { TAU73 )*!JT 7jTr 
XLCV(P > =-7LC(l )**LC( 1 )+0LC(?)*XLC(?)+ n LC(3)*XLC(3) 

■YL'CVTg’T x-'OrCT 1 ) *YLT'( l r+Dtr(?1 *YLC ('21 +0LC[3 r*YlCT3r“ 

7-LCV(? ) =-DLC( 1 ) *7LC( i ) + 0 Lr( ? ) *_7LC(2 ) +PLC(3 )*ZLC(3) 

"RLCV ( P 5 = ( xCC vr ( SY*VLC'( ? ) + r v ( p )*riU 27 + ZLCV ( 2 ) * 7- L C ( P ) ) /R|_C ( p ) 

_V ( ? ) ( YLCV( 2 ) 2 + YLCV ( p ) **2+ZLCV < ? ) **P ) 

A 7 *P . 5/R‘LC f 2 V- v f Pi *Vp/x *0 
ULC ! 2 ) e VM J/RI.C(?) **3 
"PI, C '( ?T»^Lt (2 r*RL™'< 2 )VRLC ( ?') *4? 

QLC( 2 )*(''( P) **P-PI_C( ? ) **2*ULC( P ) )/RLC(P)**2 
76' _ D fl 78 jVf , 3, P 

_F0 ( J ) e 1 . 0-0»B*ULC ( 2 ) x_TAl>< J) **2 + 0 . 5 * l) LC( ? ) *PLC ( 2 [*TAU( J) **3 + 

Cr.6/24%ri(3.C*ULC(gj *OLC( ? ) -f 5 • C40LO"( ?V*P’lG( 2 ")*'*P + ULC’( p”) * 

CTAU( J)**4+i .n/8.0*(7.0*ULC(P)*PLC(2)»*3-3,0*ULC(2)*PLC(p) »QLC(P ) - 

“CUL-C7 2 ) * #?#PLC ( 2 ) ) *T AU ( J ) **5 

_ FT ( J_) «1 » 0_X_72Pj0* ( A3~> ♦ 0 »ULC ( P ) * p LC t 2 ) **2»QLC ( 2 ) - 24 .Q»U LC ( ? ^ »»P» 
CULC(P ) - 1 s C <3 < 2 ) **3-45. 0 *ULC( § ) *QL’C (pi *'*2-345 • 0 *OL ^(2 ) *3iC( ? ) **4 + 
C210*0*UL C.(?) **P*PLC(P) **2)*TAU( J) **6 
' F ( J) s FB f J ) +F T ("J ) 

G 6 ( J ) »T HI ( J ) -1 .0/6. 0 *ULC ( ? ) * TAU_( Jj_**3 + 1 . 0 A4 » 0*ULC_y 3 ) *Pl C ( p ) * 

C'T A U ( o') * * 4 +T .n / 1 2 0 • 0 * (37. 0 * UL c ( 2 ) * G L c (2'j -45 . 0 *'0'LC ( 2 ) *P1_C ( 2 ) **p + 

CULCtP)**?) *TAU( Jl**5__ _ _ 

GT ( J ) B f . 0/360'. 0* ( Pin . 0*ULC ( P ) * P L C "( 2 T# *3 "- 9 6 "» 0 * U L C ( 2 ) *PLC ( p ) *31 0 ( P ) 
_ C-15 •p*Ll C(P) **2*PLC(g) )*T aU(J)**6 

78 G( j) bGB ( j ) +GT ( J) 

DS«F( 1 )*G(3)-F(3) *G( J ) 

C ( 1 ) • G ( 3 5 / OS 
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n o o| »-*| n! n o' 


C(2) **■! *0 
TT3)e-GU )/DS 

GX = C ( 1 ) *v ( l ) +C(2)*X(?)+C(3) *X( 3) 

gy=c( i )»Y(i )"+ c ( 2 ) * y ( ? ) + r i 3 ) * y ( 3 ) 

GZeCd )«?(1)+C(2)*Z(,?)+C(?)*Z(3) 

Pi (I ) « ( 1 O/C 0 IT) * (A'l ( fj *Gx + A1 ( 2 ) *gy+Ai ( 3 ) *GZ ) 

P2 ( I ) s- ( A? ( 1 )*GX + A2(?)*GY+A?(3)*GZ.) 

P3 ( I ) ■ ( 1 • 0/C ("3 ) ) * ( A3 ( 1 ) *Gx+A3(?) *GY+A3( 3) *GZ ) 

CT2«!TI^F 
PRIM 1 0 c # C T 2 

PRINT 1 0 3/ Pi f I ) / ?/P2< T )/ I/P3( I )/ I 

TDT FORMAT ( 1 HO / $ P 1 ( I V=$E 1 6 ♦ *i * I«%1 2 , / // f 0 ? ( T ) = $El 6 • 'it***l si- !?,//> 
1 $P3 ( I ) s' 1 ri6.PT>*** 1 **!?>//) 

ITIMFfO 

I F ( 4BS(r« ( I ) -P ( 1 ) ) *0.0000009001 ) 90/ 93/93 

90 I F ( ABS(Pp( I ) -P(2) )-0*0060'bbbOClV 91/93/93 

91 I F ( ABC ( 99 ( T ) - P { 9 ) ) - 0 • OOCOOO-OOC1 ) 92/93/93 

92 G6 TP 9A 

93 P( 1 ) -PI ( I ) 
p (2) «P?( T ) 

95 P(3)=P3fn 

SfiUVE F^R INERTIAL POSITION AND VELOCITY VECTORS 

96 XLC(2)«Pf?)»yi.(2 )-X(?) 

YLC ( 2 ) “P ( 2 ) *YL< 2~) - Y ( 2 V 
ZLC<2)=rV9)*7L(2)-Z(9) 

XLCV(2) = -DLC( 1 ) * V L C ( 1 ’) +DC C ( ? ) * XLC ( 2 ) + DLC ( 9 ) *XLC(3) 
YLCV(?)»-9LCU ) * YL.C ( 1 )+nLC{?) •YuC(2)+DLC(;0*YtC<3) 

ZLCVtP) =-DLC( 1 ) * 7 1.C( 1 )+DLC( P ) *ZLC( 2) + OC’C ( 3) *ZLC(3) 

CT3«ITI*T 
PRINT 100/CT3 

PRINT 104/ XL r V ( 2 ) / YLCV(?) /ZLCV(?) 

04 FORMAT (1 HO/UXLCV ( ? ) •%E16«8/ /// $YLCV ( 2 ) «*El 6 . 8/ /// $ZLCVl 2 ) »$Fl 6 . 

1 // ) 


S8LUTI6V FOR CLASSICAL FLE M FNTS 

RLC(2) a SQRT(yLC(?)»*? + YLC(?)** 2 + Z L C(2)»»2) 

RRD0T«XLF(2)*XLCV(2)+YLC(2) * YLCV ( ? ) + ZLC ( 2 ) *ZLCV ( 2 ) 

RLCV(2)=PRDB T /RL r (2) 

VEoSQRT(XlCV(2)*»2+YLCV(2)**2+ZLCV(P)»*P) 

ALC* ( RLC ( 2 ) *XMU) / ( 2 , 0*X'- / U-VE*«2*RLC ( 2 ) ) 

CSUBE* ( 1 .0-RLC(2)/ALC) 

SSUBE« (RLCV( 2 ) *gl C( 2 ) ) /SORT ( XMU» A LC ) 
ELC*S3RT(SSUBE**?+CSUBE**2) 

C6SF=( ALC-RLC(g) )/(AL C»ELC) 

XSUBW ? A!_C* (CPSE-FLC) 

CBSVaXS J6.:/RLC(2 ) 

SINVsSQPT(RLC(2)**2-XSUBW**?)/RLC(2) 

SINE « SORT ( 3 .Q»ELr*»2) »StNy/ ( 1 » PHEL PS I NV ) 

EeATAN ( SINE/ C8SE ) 

TE»T { 2 > - ( (F-FLC*SINE)/(XK*SORT(XMu) ) ) *S3RT ( ALC* *3 ) 
HXbYLC(?)*ZLCV(2)-ZLC(2)*YLCV(2; 
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HY« - ( xir (?) *7LCV( - ZUC(S) *XLC'/( 2 ) ) 
HZiXLC(?)*YLC\/(?)-YL.C(?)*XL<"V<,?) 

VA Ml ^r = at / ': ( s Tnv> rr>sv ) 

SiVHX'sHX 

CBSHY*-"Y 

QI-'EGAs ATA\ ( S T 'JHXi CflO-lY) 

EXP = SPR T (FY**2 + 'i v **P) 

^IyCL'sATA . (EVP/. 17) 

UK'L'Ms - XL C ( ? ) *S T ' ; ( 55 Yc n A ) # C'^F ( °! k CL) +YUr (? ) «C-'3S( gl-'EGA ) »OS( ■' r CL ) + 
CZLC(?)*Sr ( 6 ! r-.CL ) 

DE k/ =XLC( p) *C n S( n^'EGA) + YlC( p ) *3T \ ( ^MF.G/. ) 

U = aT A v ( ' L v » n EY) 

W = tJ-VA f OF 
CT A * I T I ‘T 
PR I MT 1 p ? » f ' T 4 

PRI"T ] n 7i AI.C#Fi r/Tr^^FnA^r-'CL/W 
107 FFP'-ATM i-'O/l ALC»*t E 1 <S •«//// t '• LC«*n 6 . 8/ // / - TF.. = ■? L 1 A . , //, 

UP-rfi/strif CL = t M A. ^ / / / , t .;= > Eir, ,8/ // ) 

100 Fnrr''AT(t-Il L T SFt>M ') 

97 Cf” Tn,f 
G£' TR 9 c 

S2059 P7F 

S W T^ ! T FE 

S BFy •PO^'OS 

98 E /' n 
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APPENDIX H 

LAPLACE PODM, ANGLES ONLY 

Given o tl - , 6 ti , ^ , x Ei , H i for i = 1, 2, 3 and the constants de/dt 

f, a g , y > k, compute the following: 


T 1 = k e (ti - t2) 

(216) 

t 3 = k e (t 3 - *2* 

(217) 

’ T 3 

1 " T l (t 1 - x 3 } 

(218) 

r _ - (x 3 + t X ) 
2 ~ T 1 T 3 

(219) 

' T 1 

3 " t 3 (t 3 ' T l } 

(220) 

S4 " T 1 (t 1 - V 

(221) 

S 5 = T \ 

5 Ti t 3 

(222) 

2 

6 " t 3 (t 3 ‘ T l )_ 

(223) 
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For i = 1, 2, 3, calculate: 


L xi = cos 6 ti cos a ti 


(224) 


L yi = cos 5 ti Sin a ti 


L . = sin 6.. 
zi ti 


(225) 

(226) 


and determine 


-2 ~ s ltl + S 2^2 + ^3^3 


(227) 


—2 - s 4 Li + s 5 l 2 + s 6 l 3 


(228) 


For i = 1, 2, 3, proceed as follows: 


Tu = 


J.D. - 2415020 
36525 


(229) 


e g0 = 99"6909833 + 36000^7689 Tu + 0?00038708 Tu 


(230) 


Gi . = t 7) 5 — + H . 

11 Vl - (2f - f 2 ) sin 2 <j>.j 1 


(231) 
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(232) 


2i 


(1 - fT a e 
Vl - (2f - f 2 ) sin 2 


+ H. 
1 


Continue calculating with 


e* = e 


+ 

gO dt 


- t 0 ) + x Ei 


(233) 


x i = ” & li cos ‘f’i sin e i 


(234) 


Yj = - Gjj cos cf)^ sin 6^ 


(235) 


Z i = - G 2i sin <f> i (236) 

If the observations are not from a single station, that is, ^ ^2 ^ ^3 ^ $1 
and A E1 f a E2 t A e3 f A E1 , continue calculating with equation (237); if the 
observations are from a single station, proceed to equation (239).. 

R 2 ~ SjjRj $ 2 R 2 + S3R3 (237) 


^2 - S 4 R x + SgRg + SgR^ 

Proceed to equation (241) 


*2 = 



0 



(238) 


(239) 
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Numerically evaluate the following determinants: 


L x2 

L x2 

L x2 

L y2 

L y2 

L y2 

L z2 

l -z2 

^z2 

L x2 

1 -x2 

x 2 

L y2 

L y2 

h 

L z2 

^z2 

h 

L x2 

l -x2 

x 2 

L y2 

L y 2 

Y 2 

L z2 

L Z 2 

Z 2 

L x2 

x 2 1 

^x2 

L y2 

y 2 1 

L y2 

L z2 

z 2 1 

^-Z2 

L x2 

X 2 1 

^'x2 

L y2 

y 2 

^y2 

L z2 

z 2 1 

^z2 


(240) 


( 241 ) 


( 242 ) 


( 243 ) 


( 244 ) 


( 245 ) 
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and form: 


Solve 



S ■ - 2 <4 ' £ 2 > 

* *o 2 

a = - ( 0^2 + &2 + ^2 ^ 


b = - y (C^B2 + 2A2 B2 ) 

2 *2 

C — ~ y B ^ 


8 6 3 

r 2 + ar 2 + * 3r 2 + c = 0 


( 246 ) 

( 247 ) 
( 247 ) 

( 249 ) 

( 250 ) 

( 251 ) 

( 252 ) 

( 253 ) 

( 254 ) 
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to obtain the applicable real root and continue calculating with 


* * jB 2 

p 2 = A 2 + 7T 


(255) 


. _ * mD 2 

p 2 ” C 2 + „ 3 


( 256 ) 


-2 = p 24 ' *2 


( 257 ) 


^2 ” p 2—2 + p 2—2 ~ ^2 


( 258 ) 


Continue by calculating for classical elements. 
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LAPLACE FLOWCHART 












LAPLACE FLOWCHART (CONT'D) 
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C LAPLACE PRELIMINARY ORBIT DCTERMisjATiBN "MfTHSD 

C ANGLES PVLY (ESCPSAL/PAGE ?67) 

c 

Dfi Ik Ks 1 / ?5 

C 

D I YENS! Of TAU(3)/S(6)/XL(3)->YL(3) jZL(3)#XLV(3)/YLV(3)/ZLV<3) > 

CXA ( 3 ) * YA ( 3 ) , 7 A ( 3 )> XV ( 3 ) / YV( 3 ) , ZV ( 3 ) , XL A ( 3 ) , YL A { 3 ) , ZL A ( 3 ) , 

CDEnG ( 3 ) .. Cl ( 3 ) * G2 ( 3 ) , THETA (3)/X<3)/Y(3)/Z(3)aR(3)#aS(3)^BS«3) 

0 1 M ENS I r N CS ( 3 ) / E? ( 3 ) > REX(?G) , RLC ( 3 ) / P ( 3 ) , PV ( 3 ) / XLC ( 3 ) / YL r ( 3 ) / 
CZl C(3)/Xl rV(3)/YLCV(p)/ZLC\'(3)/RLCV(3)/TU)#ALPhA(3) *DeL t a<R)# 

C Y A ( 3 ) > PI : I ( 3 ) / N f 3 ) 

C 

C READ Af PI, F INPUT RATA 

C 

RE Art J C-°> n at, AE, XK, Xf'U4 D T H E T A 
READ 1 0° / T ( 4 ) , T ( 1 )> T(?),T r-O ,TJD 

Rr aD 10-^Al PMA(1),ALPKA(S), l.PHA ( 3 ) , DELTA ( 1 ) , DEL t a ( g ) 

READ 10°., R r L T A ( 3 ) > YA'T ( 1 ) , Y-' V E (? ) , YAMF ( 3) , PHI ( l ) 

REAR 10°,PI-’I (2), P * ! I n)*"(l l.«l?l»H(3) 

10* F DR'IAT ( r -f 1 A • * ) 

C 

C Erwf. pH^r< 

C 

p RTNT 1 1 C L -T, *\Pjr XX. X V IN - ;<“T A, T( A ) / T JO, T( 1 ) , T < 3 ) , T ( 3 ) 

110 FflRYATfi Hp, T r LAT = PEl. A,8 , N**A r = iEl6*Sft**'<K = '.|.Et6«H , ‘ »<X" «4Ei •//> 
1 ^ptheT a »■*"' h * 8«* * T ( k ) *$E1 a. t * *T JD*$E] A * * , / / > 

1 *T( 1 ) «t r 1 A • P) s + El A • ° * . *T ( 3 ) »*E1 A » ? ) 

PRINT \ 1 ■ . ‘L°HA( 1 ) > AL p HA ( p ) , ALPHA { 3 > / DELT A ( 1 ) , DILI A < "> ) , D r ! T ■ ( 3 ) . 
PY A V F ( 1 ) < v A *’E ( 2 ) .» Y.\Yr ( g ) 

HI P'.'R’NAT ( < H;,)» dtALPNA f l ) = ' »* ALPHA ( 2 ) »Rf_'i 6 . 8 T * * ALP 1 '*' ( 3 ) = " E i '?«».* 

1 //, UDEL ’ \ ( 1 )b< 6E1<.H -.**D r LT.\ (?.) *tn 6 • 8 t.« *DELTA ( 3 ) e :E 1 '•♦<?*//, 

1 TYANEd ) = ” r 1 A. 8"'* » Y \ T(P)sH' 1 J S»J>t**YA*' p ‘(3)**E46 ,9 <i 
OP T - :t 1 < , PH I ( 1 ) « n H I { P ) , n 1 1 ( 3 ) > H ( 1 ) / M( ? ) , ■ , ( 3 ) 

11? r-'f"} 'AT (1 'P '* D H I ( 1 ) = ^ . S', *pl 1 1 ( p ) S$ ElG • G.^**Ph I ( ? ) 6 * ■ // • 

< It- IfJ ) =T”1 A .8 ***')( ?) s+.ri c, . p » *M( 3 ) S$E1A*3) 

C 

C BEGIN C n -' r > :TATITR 

C 


c 

ALL META 

-GVMB3L T S ITI^r G JRRDUT I ME 

c 




TTHf>o 


s 

LE \ 

P NjP 

s 

ST A 


s 

^ K ■ ; 

?'• )S 

SE05 


■* '533 

S200 

r n ’ 

P.) l? n 

S 

DDT = «-t 

p 3 P G 3 0 

s 

I R 



T A ' ! { 5 ) = \' 

^ ( T ( 1 ) - T ( ? ) 1 


T A ! ( 3 ) * N' 

< « ( T ( 3 ) - T f 2 ) ) 


3 ( 1 ) = - T\ 

,!( 3) /( TA’ifl ) v ( TA'J( 1 . ) -T AJ( 3 ) ) ) 


S(P) *-( T 

\ ) ( 3 ) + T A '(1 n/( TA. h 1 ) *TA 1 J( 3 ) ) 


G ( 3 ) * - T \ 

' i ( 1 ) / ( T A ' 1 ( 3 ) * ( T A U ( 3 ) - T A J ( 1 ) ) ) 
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S( 4 ) *?.->/{ TA'id ) * (Ta-!( 1 ) -ta .■< 1 n ) 

s<') ■?.”'/( TA"(1 ) « T A ;(••?)) 

S( A ) =?.',/( X A ■ ) * < TA I ( 3 ) -T A' ■( 1 ) ) ) 

^ O n - 12 1 = 1.? 

XI. ( I ) = C"SO~ I TA ( T ) ) A|.» !i ( ! ) ) 

YL. < I > = r - '!? ( DELTA ( T ) ) .SIM -\|„r> i/.( T ) ) 

12 Z L r T )=S T, r'FLTA( T ) > 

XLV ( 2 ) *F M )*XL(1 )+3(p)*XL(2)+D (3)*XL(3> 

Y !.. 7 ( p ) ■ • ( 1 ) * Ytn ) 2) *YL (-3 ) +S( 3 ) *YL( 3 ) 

ZL’M?)*'U )*7L.m+S<a)»ZL(!?)+S(3)*ZLn> 
vi M 2) »P( 4 )*XL( 1 ) *3m *XL( ? ) + 3( A) #XL( 3> 

YL A (?) = F(4 J *Yt,n )+S(T. ) *Y1,(? ) + 5(6 ) *YL ( 

Zl MP> = F( V ) *ZL( 1 )+S( : ?)*Z l -(?)+n(6)«ZL(2) 

TU= ( TJD-2'i 1 3 , ‘ , 20.'1 >/'j'> =>?'?•'> 

TTi-T.TAs ( '?n.6 r> 09^rT+3AnoOt76 sq *TU+0»000‘1?7..8*Tl!*i**. > ) /"7,o” ; . ?/ hUi 
21 n r - ■>! 1 = 1,3 

DC ’"I ( 1 )»S-:VT ( 1 .0 - (?.T«FUAT-ri AT**?) * ( SIS' OH 1 ( I ) ) ) * + P) 

31 ( I ) * A’-/'1F'1 , ?( !)+''( T1 

3?' I) = ( ( 1 * 1-TLAT ) **■? *AF ) /f'f 'Tit I ) +H ( T ) 

T'-TTA ( T) =7,7: in A + ^ ’ r H - " r A * ( T ( T ' - T ( A ) ) +YA'- ,r ( I ) 

X ( T ) s-Gl f I >*r03( ” 'I ( T ) ) *CP” f T'K;TA( 1 ) ) 

Y( T ) = „(V f T ) *<-3S( r -"1I ( T ) ) *S T '!' TlirTA { I ) ) 
pi 7 1 t ) s-cv? n » c r < n u < t > ) 
c 

C OfTt-R.-j-r IF yp jff'VAY 16 ', S A ' F FR'jy SI^IJ ST AT I''"' 1 

C 

r F < PH I ( 1 l-'ilMH)' 3^, ?3, 3P 
?P IF(PHI (?)."H’(3) ) 3p„3Q,3p 
3? T r ( Y A ( ! ) - Y •' MI ( ^ ! ) pp,3 1.3'* 

31 TF ( YA'T ( P ) -Y \YF{ ? )) DP, 3%?"' 

C 

32 XV( 2 ) eSr 1 ) * V f 1 ) +f- ( 2 ) *x ( o ) +'- ( 3 ) *X ( 3 ) 

Y'v (? ) = S' ‘ ) * Y ( 1 ) + f, l 2 ) « Y( p) + 5 ( 3) »Y ( 3 ) 

7 V ( P ) = S 1 * ) « z ( n + ? < 2 ) * 7 ( p ’ + 5 ( 3 ) * 7. ( 3 ) 

XA<? ) sS< O * -<( 1 )+P( 5 ) *X(?>+3( o *X n) 

YA I ^ } «Sf'i ) » Y( 1 ) + ~f b ) k Y(?) +3 f A ) *Y ( 3 ) 

ZA ( 2 ) »Sr ) « Z ( 1 ) + 5 ( 5 ) *7. ( 2 ) +S 1 A > *Z { 3 ) 

T? 4R 

3=5 XV( 5 )*.!V(i ) »DT?fta ) /k< 

YV( 2 ) = ( X( P ) * n THr T A ) /•/!< 

Z V ( 2 ) * 0 * D 

XA f ^ ) s - { V ( p ) K DT3FTA * k P ) /X'<* *P 

v A ( 2 ) =- ( Y( p ) »DT“tFTA* *2 ) /*><**? 

Z A ( 2 ) = 0 « ? 

A5 nn = 2 * 0 v f XU 3 ) * Y|_V( P ) *ZI_A( p ) +XLV (P) *YLA ( P ) »ZL (2 ) +XL i ' i ) * 7:. ,•(••> > * 

pyl( 2)-Z' f?)*YLV(P)*xi.A(P)-7LV(2)*YLAC?)»XL(2)-Z!-Ai?) *5<L V( " ) . vl (P) ) 
DA = XL, ( 2) + YLV (2) *7MP)+XL'- / (?)*YA(2)«ZL('A)+XA(2 )»ZL.(- > )»vL(--)-/.L(' 1 )* 
rvLV ( 2 ) * Y A ( p ) - YL ( 7 5 «XLV { 3 ) *z A ( 2 ) -XI.. ( 2 5 * Y A ( ? ) *ZLV C 3 ) 

DL’s.XL ( 2 1 ^YL V ( 2 ) *Z ( 2 } + XLV( P ) )- Y ( 2 ) *7L( 2 ) + X ( p ) *ZLV I p ) * Y'_ ( p ) - -'L 1 1 » 

FY[.V(2)« v (P1-ZLV(P)*Y(2)*XL( °)-Z(2)#XLV(?)*YL(?) 

DC= XL ( ? ) *Y A ( ? ) *Z! \( ? ) +XA(pi t.YL A( 2) *ZL( 2) + xLA( ?) *7-, ( p ) * YL' - ) - Zl ( " ) * 

CYA( p ) *XL a { p ) - ZA( ) *yi_A( 2 ) *X'_ ( 2 J - ZL.A (2) *XA{ 2) *YL ( p 5 
DD=XL(2) *Y( 2 5*ZLA(2 ) +X(?) kYLA( 2) *ZL( 2 )+XLA(2) *? ( p i * v l (P) - ; L i "< * 
CY(?)*XLA(25-Z(2XYLA(2) *Xl.( p)-ZLA(21*Xt2)*YL(2) 
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ARC- 3 ) s (’.TviAi/rL 

B5( p ) = C 3 , 9*09) /OH. 

CS( ? ) = D''/'") r L, 

9S{ 9 ) s p’\/ V|_ 

O >! = -?. -*< vl(R) xXC? )+YL(P )*''('->) +Zl<3) *7 (?) ) 

3 ( P ) =Sn"' T ( Y( 5 ) **-s + Y( p ) * » 9 + 7. ; F ) **P ) 

ALC = - ( C : i I » AG ( ? ) + •' G ( P } **0+0 <-')**?) 

BIC=-X M ;*(rHT*33(-')+PO*A3( 3 )*RE(P) ) 

Ci r= -x v ' :■/. »-P* ‘>s ( " J ) **? 

-9 

C 

c. JTCEATI' r |,3"P F-? n'-TF^'M -T - " APFL I CAll.F RFAt “F “!'(') 

C 

5P OF '->9 Js" ,^5 

Rf X ( I ) = r 't r ' < 2 ' **°.+ ’-LC ) * *6 + Rl r*RLF ( ? ) * * 9 + f|_E 

CTi-ITl-c. 

ppt :t 1 o o . r 7 i 

PF! IT 1-9, Rr X ( T ) ,R|„C(2)> I 


100 

F‘-.V V.T ( ' 

!? f ( T ) = tfi 6.0- 

» v <hh»RlC ( 2 ) ~'" r - 1 •> • * * * * ** 


nr'Fso 
If- ( ARP ( ' 

■FX ( I 1 -RFv; l-i )) -o. 

O' 00003091 ) t "!a70»61 

61 

I F ( a t< f: ( r 

r>- (n-n. "> <0 ^ ~ 000 .1 

n 70,70,63 

63 

TFf I-l ) 

A » 6 c , 6 ‘r 


64 

pp'-?= (Rr v 

’( T ) - r EX ( f -l ) )/D'"L'^ 



T F ' A (<S ( " 

T?< I )/Rpp-Dt'L r )-0. 

0 " p 9 9 0 0 9 0 1 ) 73,65,61, 

65 

OfLOa-Or 

X < T ) /RPR 


6P 

Of TO (/" 
DPI. R = 0*~ 

r *'-L r (2) 


69 

RLO( 2) = • 

93 f Rl. C(9) fO<- L R) 


c 

C 

SPL'.'p F'- 

p TXrR-n a L °'*P I T I - 

A":0 ypL^Cl TY '.'t;CTf*R5 

C 

70 

n ( •’ ) = AS f 

PM (V‘!U* , 'T(?!/RLCc 

0 ) * *3 ) 


PV( PI sf' 

t P ' + ( X"'«* OS ( - 1 /9|-F 

{*')** 3 ) 


XL r (?) =- 
v l C ( 2 ) =" 
7 1 r ( ? ) * 
XI = 

^ ) * v L ( P M X ( "> ) 

' " 5 1 * v L ( p ' - Y ( - ) 

' r;«7L(?' -Zr-’l 
n "f?) *x;,( .') F'( P) *yi 

•(?)-XV(p) 


XL r 7(0)= 

P'.' ( p 1 * Yi. ' •'■) +P( ?) *Y| 

_• (F)-YV(P) 


ZLF7(P)r 

(?]»ZLn+ p (21*?' 

(9) -ZV(P) 


ctp=iti' 
pft-.it io 

PFIOT 1- 

F 

0 . FT P 

u, XLCVfPi » YtCV(O) • 

■ZLCV (? , 

104 

FfR'^AT ( ‘ 

r ', • 3XLCV ( P) atPlfi.f,, 

• //> , PYLCV(2)a-sC 1 6»8, //, 

c 

c 


CL\S^ir.NL rLr v 

•t n 'TS 


C 

HI 1F = 0 

Rl C( 2) ■F'; , 'T( vLC ( P ) * *p + YL.F( p )**9 + zl_C(2)*»2) 
RFP't T «y:.r { - j , X L0'-( ?}+VLr(?) » YLCy ( a ) + ZL C ( ? ) *ZLCy < p ) 
R( P '•'(?) a FF-pT / RLE ( 2 ) 

V s S OPT ( s ( P ) * * P + Yl C. V ( P ) * »P + ZLCvf2) **0) 

ALCs ( RL'~i’P) *v v f.j) / {2.'i*.x v '0"'..'«*2*RLr(p> ) 

CS'i->F.r .o-R'.C(P)/ALC> 
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if} if} if} 


'MX»VLC'r i y*?Lrv( ? > -zlc< 2 > *ylcv(2) 

HZsXLC(^) *YLCV('?)"YLC(2)*XLCV(2) 

VAM^E-AYiN ( S lNV« C^Sv ) 

SI'.'MXs^X 
C53 W=-' !y 

T '3 A * A T A ' : ( S T :M H X , C *3 S ' ( Y ) 

EXPaST9 T ( -i X * *2 + M y »* P ) 

^I-ICLsATA'.'tEXP/PZ ) 

' 'JNijYs-Xi.CC 2 ) *Srj(^YE'' 3 A)*Cn 3 ( n I\'CLl+YLC(?) *C 9 S(? IF 3 A ) « C r P f ~ I Cl. ) + 
r 7 .LC( 2 )* f 3 I'!('HMCL) 

*>f>aXLC( 2)*C n S('3 M C3A)+YI,C<2)*StN(flMEGA) 

js ata\* ( ' c:.r‘/ oe^ 1 ) 

N '* 1 j-va i ' or 

CT'-?=ITI‘T 
°:u IT 

PRI'lT 7 , AI.CjH '~^ir,«MF'5A.,^INCL,W 

107 F^PMAT ( 1 « Aj_rs-I r l«k. //, •*'- l C = t-El 6 • //> "-TF 1 A • u ./ //, 

i <r r -ir.GA* .f i /■ i .CL»*f i ' u!<//if.'' =+ c ’A-8///) 

10C F' l\’ *a T ( * ‘ ' T I . L ! SE’P * ' U ) 

7k C^'-’T I " l.: r 
nr th 7 - 
20P/1 p/r 

- r ■ r v i ‘T 

P r «?'O t: JS 

75 FN'O 


91 


L 



APPENDIX I 

DOUBLE R- ITERATION PODM, ANGLES ONLY 


Given a ti , 6 ti , t i , 4> i 9 x Ei , H i , for i = 1, 2, 3, and the constants de/dt , I 
f, a e , y s and k e , proceed as follows: 


T 1 = k e (t l " t 2 ) ( 259 ) 

t 3 = k e (t 3 - t 2 ) (260) 


T _ J.D. - 2415020 
lu " 36525 

9 A = 99^6909833 + 36000^7689 Tu + 0?00038708 Tu 2 
90 

For i = 1, 2, 3, compute: 

L xi = cos 6 ti cos a ti 

L yi = cos 6 ti sin a ti 


Lzi = sin 6 ti 


J li 


V7 


(2f - r) sin' 


H i 


(261) 

(262) 

(263) 

(264) 

(265) 

(266) 
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(267) 


(1 - f) 2 a e 

G 2i = 7 — - 

Y 1 " (2f - f 2 ) 

d 0 

e i = e gO + dt " t 0^ + x Ei ( 268 ) 

x i = " G li cos 4>i cos e-j (269) 

= - G li cos <)»^ sin 9^ (270) 

Z i = - G 2i sin (271) 

i_ i 

C^i = 2L, • ^ , i = 1, 2, 3 (272) 

As a first approximation, set 

r l = r lg ’ r 2 = r 2g ( 273 > 

For near-Earth orbits, set 

r l g = r 2g = 1A e - r - ( 274 > 
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and compute from 


»i ■ i [- si *Vsi 2 - 4 (R i 2 - r i 2 > ] 

Continue calculating with 

r n - = p-jLj - R n - , i = 1, 2 

Compute W as 

y i z 2 - yz z i 

W y = FT 

x r i r 2 

_ XnZi — X-iZp 

w = -=-= — 

y r i r 2 

, x 2 y 2 - x 2Yl 
W_ = — TT 


Continue calculating with 


R 3 • W 



(275) 


(276) 


(277) 


(278) 


(279) 


(280) 


-3 " p 3-3 " -3 


(281) 


r 3 


= VT 3 


r -3 


(282) 
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cos (vj - V k ) 




r j r k 


j = 2, 3, k = 1, 2 


If W > 0 , calculate 
z — 


(283) 


sin 


x kVj - x jyk -v r : ; 

{v j ■ v k> = |x k y^ - x,yj Vl “ cOS ~ v k> 


j y k- 


(284) 


If < 0 , calculate 


sin (v. - v ) = 
J K 


■ ***) • ^ V l ■ cos? (V. - vj 

Vo - Yk j k 


If V 3 - vi > tt , determine p from 


[ r 2 ] 

sin 

(v 3 - 

ro 

l r ll 

Isin 

(v 3 • 

vj 


r ? \sin ( 


Vo “ Vi 


* 3 lr 3 /sin (v 3 - vj) 


c l r l + c 3 r 3 - r 2 
P " Cj + c 3 - 1 


(285) 


(286) 


(287) 


(288) 
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If V3 - Vl IT 


determine p from 


C 1 


M 

sin 

(v 3 - 

vi) 

r 2> 

sin 

(v 3 ' 

v 2 ) 


c 3 



sin (v 2 - vj) 
sin (v^ - V 2 ) 


P 


n + c 3 r 3 - c irg 

1 + c 3 - c i 


Continue calculating with 

e cos = •p - - 1 , i = 1 , 2 , 3 

i 

and for v 2 “ v i ^ 77 5 obtain 


(289) 


(290) 


(291) 


(292) 


e sin V 2 


cos (v 2 - v^)(e cos V 2 ) + (e cos v^) 
sin (v ? - vp 


(293) 


or, if - Vj = it , obtain 


cos (V 3 - V 2 )(e cos V 2 ) -(e cos V 3 ) 
e sin \>2 = sin (vg - vp 


(294) 


Evaluate 


e 


-VI 


e cos V 2 ^ 


(e sin v 2 )‘ 


(295a) 
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a 


(295b) 


1 - e^ 


For orbit determination in this paper, e < 
with 


therefore continue calculating 


sin 


cos 


sin 


cos 


"- k eV5 

r 2 r a 

S = — VI - or e sin v 0 
e P 2 

r 2 2 2 

C e = — (e + e cos v 2 ) 

r 3 r 3 r 1 

( E 3 ” e 2^ = -p p sin ( v 3 " v 2^ ' p L 1 " cos ^ v 3 ” V 2^J s e 

r r 

( E 3 ' E 2 ) = 1 - -^t 1 - cos < v 3 ‘ v 2>] 

r i 

(£2 - Ei) = ^ a p sin (v 2 - vi) + p - [1 ” cos ( v 2 “ v l)J $e 

( E 2 ‘ E i) = 1 “ -jp f 1 - cos (v 2 - vi)] 

2 ( e 3 “ E 2 1 

M 3 - M 2 = E 3 - E 2 + 2S e sin [ 2 1 - C e s ^ n ( E 3 - E 2^ 


(296) 

(297) 

(298) 

(299) 

(300) 

(301) 

(302) 

(303) 
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+ C e sin (E 2 - Ej) (304) 


O E 2 - E 1 

M 1 - M 2 = - (E 2 - E 1 ) + 2S e sin 2 l g 


F 1 = T 1 ' k e 


Mj - M 2 


(305) 


F 2 = T 3 



(306) 


Save Fp F 2 , r^ ; increment r^ by Ar^ (about 4 percent); and return to equation 
(275). The end result of this calculation will be F^ (ri + Arj, r 2 ) > F 2 
(r^ + Arp rg) , so that 


3Fi F x (r x + Ar l9 r 2 ) - F 1 (r lt r 2 ) 
9r^ “ Ar^ 


(307) 


3F2 

3r, 


F 2 (ri + Ar l9 r 2 ) - F 2 (rpr 2 ) 


Ar, 


(308) 


Save 9F^/3r^ , 3F 2 /3r 1 ; set r^ back to the original value; increment r 2 by 
Ar 2 (about 4 percent); and return to equation (275). The end result of this 
calculation will be Fj (rp + Ar 2 ) , F 2 (rp r 2 + Ar 2 ) . so that 



F 1 ( r l» r 2 + Ar 2^ 


F 1 ( r i> r 2^ 


Ar, 


(309) 
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(310) 


3 F 2 F2 (ri,r 2 + Ar 2 ) - F2 (^1 *^2) 
3^ ~ A?2 


Continue calculating with 

I 9F l] ( 9F 2 ) ( 3F 2| (Hi) 

A = l 9r il 1 9r 2 r \ 9r i I i 9r 2 J 



Check to see if 

I Ar l I < e 
I Ar 2 | < e 

where e is a tolerance, i.e. 10“^. If the test is not satisfied, let 

( r l) n+ i = ( ^) n + Ar l 

( r 2)n+l = ( r 2>n + Ar 2 


(311) 

(312) 

(313) 

(314) 

(315) 

(316a) 

(316b) 

(317a) 

(317b) 


$ 
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I nil III! 


and return to equation (275); if it is satisfied, continue calculating with 
f = 1 - - cos <E 3 - E z >] 

9 s *3 Vr" E e 3 - E 2> - s(n < E 3 - E 2>] 



Continue by calculating for the classical elements. 


(318) 

(319) 

(320) 
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DOUBLE R- ITERATION FLOWCHART 


ALPHA(l), DELTA 
0), T(l), PH 1(1), 
YAME(l), H(l), FOR 
1= 1,2,3; DTHETA, 
FLAT, AE, XMU, XK, 
TJD, T(4) 


T 

ECHO 

CHECK 







PAGE 102 


101 












DOUBLE R- ITERATION FLOWCHART (CONT'D) 
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DOUBLE R-ITERATION FLOWCHART (CONT'D) 



XLCV (2), 
YLCV (2), 
ZLCV (2) 



SOLUTION FOR 
CLASSICAL 
ELEMENTS 



i 


ITIME, ALC, 
ELC, TE, 
OMEGA, 
OINCL, W 
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C D9'J?LE-R ITERATION PRELI m !V a RY 9RBIT DETERMINANT I0 v ! ' / FTuno 
C ANGLES SVUY (ESCPBAL.PAGE 283) 

c 

09 1J9 Vs 1/29 

c 

0 I V E\5 ! A V TA , J(3)/XL(T),VL{3)iZL(3);Gl{3l,fi2(3)/X(3) <Y(3)/Z(3), 
CTWPTA (3); D r MG ( 3 ) , PLCl ( 25 ) , RL..C2 ( 25 ) / RLC ( 3/ 3 ) / CH I ( 3 ) / 57 ( 3 ) . P ( 3 ) > 
CXLC ( 3 ) / VLC ( 3 ) • 7 ±r < 3 ) , C < 3 > , F ( 3 , .3 > , DEL < 3 - 3 > . POEL ( 3 > / DELR ( 3 ) , 

CXL C*V(3) , Vj^cv ( 3 ) , ZLCV ( ?. ) , RLC U ( 3 ) / Rl S ( 3 ) 

DIVFVSI9N T(A)/ ALPHA (3)/DELTA(3)/YAME(3)/PHI <3),H(3> 

C 

C RF 1 0 Af-GLf INPUT n ATA 

C 

RE AO .1 OP/FLAT, AE/XK, YNU/OtuFTA 
READ 10 C -/T (A)/T( 1 )/T( 0 ),T( 3 ) / tjd 

read 1 0 ?., At p‘ /»( n , ai.pf a f ? j , /lfra ( v j , delta < 1 j , deltat?) 

REA'' 1 c°-/ DELTA (3 1 / Y,' '-r ( I ) / Y/ M F (? ) , YA M F< 3) > PR I ( 1 ) 

RE A. r ’ 1 0 0 / n V I ( 2 ) / PI- I ( ^ ) , 1 • ( 1 ) / H ( 2 ) , - ( 3 ) 

108 Fe-R^ATIFElA.?} 

C 

C FCm 9 CFFr/ 

C 

PR I V T 1 1 ?, FLAT / Ar, XX, Vv;/OT‘-ETA.. T ( A ) > T JD/ T ( 1 ) , T ( 2 ) / T ( 3 > 

110 F 6 2 s ‘ A T ( 1 *'0 / J r L A T stE ' A>. * * AF sTE 1 . a , 8$** XXs iLl 6 . pf * »X‘- . =1"; a , •••,// . 

f$CT iDTAsfci v) *t r 'lA,. 0 '?**rj'-s$El6»8//// 

1 $T ( l ) 9 • ST * # T ( ? ) s'*-!*! A • s?.<M *T ( 3 ) = $E16* 9 ) 

PRINT m > al».XA( 1 ) / AL°MA (?) , A L 0 ; : A { 3 ) / PEI T A ( 1 ) / DELTA ( P ) , 'r[ jf. ( 3 ) , 

E Y A M E ( 1 > - Va v E ! 2 ) , v A M ' ( 3 ) 

111 FCR M AT{ 1 HQ , * A l, PM ft ( 1 ) = iri 9 . 3 : * ** AL. n; :A ( 2 ) = TF i 6 • 3 1 * < ALP* ' ( 3 ) = S F 1 A . 3 , 
\//t -i-nci TA ( -I ) = 45 C 1 A .8 n »->,or LTA (p ) = ; r 1 6.84**0KLTA ( .3 ) «d;-E1 A* 3 , / /, 

1 $Y V'E ( 1 ) s tEl A • 3 !• x * Y V*r ( p ) *$El A • 8 5 * * YAYE ( 3 ) = sEl 6 • 8 ) 

PETIT 1 1 ? , D M I ( 1 ) , PH 1 ( P ) , Pi - 1 ( .3 ) / ; •' ( l ) / H ( 2 ) , ; - ( 3 ) 

112 Ff'P M A T ( " i:*' , 4 put < 1 ) = -.r* . 3 . * » pi : J ( p ) =$El 6 • ?" * * PE J ( 3 ) = T F 1 A - * , // . 

1 M ( ! ) = 3 r 1 f, . '' * * x • -I { P ) 3 - r ! <■ • 3 1 * x 1 ( -i 1 £ 1 P 1 A « F ) 

C 

C R fj D J I f ‘ ’ P.. 1 t T T"‘ E; 

C 

C ALL. ► E ’ 1 *-5 vs Pf l T S TT !-r r-U‘-:R f 'UTt F 

C 

ITrT-O 

S LDA ?";F 

S ST A 0 p 0 r - 

S RF '!. 1 p-:o c 

S205 ?R^ ?"-ofS 

S200 Ef" 020'‘2" 

g P f T = C ' P ^ P C r ' w 

S E I R 

1 T A J ( 1 ) =•■-■<•* ( i f 1 ) - T (2 '■ ) 

T A L‘ ( 3 ) ! 'Yi (T (3)- T !2n 
T L * ( T J p • P A 1 5 " 2 0 » ) / .' A r P - * 0 

G T f-: E T a = ( P-t , .6'?C ov P3 + -: 0 * . T v. + - ♦ 00C'3< c 7', 2 * 7 ^ **?) /'-> ’’ , 1 3 ' 

5 Of 17 I = i ,1 

X L C I)= r ^S(OEI.TA( T) )* r!> 3(M P'-'A( T ) ) 
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non 


yl n ) = c < r 'fc i. t a ( n ) * c , r t *i°' A ( n > 

zt { I ) = f !M CEl T A( * ) ) 

DE "'3 ( I) = r?RT ( 1 • 0 «• ( 2 . ' x Pi. Af - FLATx „ u * ( S I M f'h I ( I ) ) ) * *P' ) 

G1 ( I ) =AT/-ryr ( J } +M( T ) 

G? ( J ) = { M .'-FUAT) * » P * I)+; ( I ) 

Tf-.^TA ( T ) = 0 T I ' F T A + ' T M r t a * ( T (I ) -T ( '4 ) ) +Y A*‘E ( I ) 

X < I ) s-F m I ) * C. ?* S C - I ( I ) ) «C a 7-( Ti-ET * ( I) ) 

Y( T ) = - C 1 { I ) * r ? S ( r - ' I ( T ) ) x S ] '■• ( T U E T t, ( I) ) 

Z( I ) =- r 2( I ) < F I ^ I (I) ) 

CHK I >«-?♦£*< XI ( n*X{ I ) + YL { n*Y(n+ZL(I)*7(T)) 

17 R ( I ) =£9"T ( x(!!*»:' + Y!n»*E + 7(l)or) 

RLC1 ( 1 ) =1 *0 
Rl C? ( 1 ) = 1 (" 

TTF;'3f! ]' ‘ Ff' r H- tc-R - j - p G ti ?■ ?C/:_ AR f)F T C I vp-RT l AL U'fT'i'' 


1* 

Of 1 = 1,23 


21 

Of 7 2 Jr 3 ,? 


22 

JF(J-l) P3,2'-',?3 


23 

R l. C ( 1 , 1 ) c^LCI ( I ) 


24 

RLC( ?• 1 ) =RLC2( I ) 
G c T" Pi 


25 

IF(J-P) 


26 

Ri.rt i . pi =p' ri ( i ) 
RLC(?<2> =P'_CP( I ) 
Gr- jr- ?! 

X 1 • ' , *; 

28 

IF ( J - “ ) 29/2 °. ?1 


29 

RL Cl 1,2) ="l Cl ( I ) 



RLC( ?t ? ) =?1 CP ( I ) 

* 1. ♦ ?. '■ 

31 

np ye 


32 

p( < ) =- ( -c* : t - 

' + s * r t 


XI C( M = r (-') « V L. ( ' 



yi r ( p >='(<) x v i 

' - Y C O 

35 

Z u C ('•')= r { < ) * ? i t ■ 

' m Z ( >'■ ) 


* * f ) ) M 


VI y = ( VI. 1 ) X 7LC (-’)-' I. C( P) * 7; r ( 1 ) ) /( r n f( 1/ J) - U LC <?*-'> ' 
kT.y= ( yi '( ?)* 7i_rt * ) - • u~( i ) x? 1 r ( p) )/(RLr ( i j , j) * c ir(2. j) : 

’•ft 7= f > I r C ) X v L.r( p ) - LC < P ) * v:_r ( 1 ) ) / ( RLC ( 1 > vJ ) * 4 'L C ( 3 » J > ) 

p ( p ) = ( v t 'i ) » , f x + v ( t ) * r v + z ( 2 ) « . f, z ) / ( xl ( 3 ) * t: Y + v i_ ( 3 ) * s ■»/’_ ’■ 3 ) <■' 11 ' ) 

XtCfP) =f'(EM*VL( ‘U - X( •') 

YL C ( ? ) = r ( ? ) * YU. ( 7 ) - Y ( " ) 

Z L C ( ? ) = f ' (3) * 7 !_ ( ? ) -Z f ') 

Rt 0(3 ) =0?RT t XLCI 2 ) « *?+ Yl Cc?)**?+Z'n3)**2) 

CVT v fi= ( vt C( ? ) *>a F< 1 ) + YL.C( P) *YLC( 1 ) +ZLC( 2) *ZLC( 1 ) ) / ( M. c ( 1 . 7) x 


CRLC ( ? / J ) ) 

CVT 1,K 'T*(yj.C(?)*Xl r( P ) + YL Cn )*YLC ( ;•) +ZL C(3) XZLU ?) ) / ( L c ( ) x 


CRL.C ( ? > J ) ) 

CVT'iN p = ( yu C ( 3 ) x-Y l C ( 1 ) +YlC( p ) *YL c: ( 1 )+ZlC(3)«Zir(l > )/( - L ^ < 1 * j) * 
CRL.£(?) ) 

SVT'-P* ( Y U C ( 1 ) * YL *“ ( 2 ) - x U C ( 7 ) * YLC ( > ) / ARS( XlC (1 ) * YLC. ( P ) - > l f ' ? ) * 

r yl r ( i i ) ( abs ( i . " - rvT v p * * ? ) ) 

svt.r t* t xun? ) »v>_r( u ->-i cni * ylcc- > > / abs < >.lc < f > *ylc t -u - v l r ( • ) * 

CYi r ( p ) ) *gbkt < p rr ' i . : -rvT Ut- T «*?) ) 

SVT'-if f 1 * f XL f ( 5 ) *V| CCU ->L.C( 3 )X YUf( ) ) ) /.aBS( >'LT( 1 ) »YuC( O ->•!_ ' ( U * 
CYLrf 1 ) ) *RC^T( ABB ( 1. . n-cvTM'Ti**? ) i 
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I 



I III I I III I I I I II ■■■MMHimBII Mil 



IF {•>?-'* OrCTOCO'' 

00 3 

4 6>5r . 

T r\ 






4 6 

svt'T 










SVT'-if Ts-5VTh !> l 










SVT'- ,f 'P = - PV T I P C 









50 

AVT ,Jf f = .' t a k ( PvT 1 " 

'*» r. 

w T U^' « ) 







51 

1 F ( A y T F 'T,P. 1 A 1 


-? A ) 5 5 t 

PP >^2 






5? 

C ( 3 ) =F'i_ r ( 2 , J ) /!• L' - 

(1 , 

J) ♦ KVT*-: 

■■1 / PVT' 

N<* 






C(?) = C L r (?/ J3/PL r 

(3) 


pvT 1 - 1 '’’ 







Ptr= t rn > * r -i r< i, j 

3 +C 

( 3) *-'L 5 

(O)-f-L' 

'(?/ J3 )/(C(l )+C( 

3) - 


Of Tf Ff 









55 

cm ) -nr ( 1 ,j)/M.r 

(2, 

J) # 5 V T r! 

"P /PVT • 

■ k 'T 






c ( 3 ) = r i_r n > J)/el° 

<3) 

v rvT v r/ 

P'-TM"” 







pir=(‘ ir(3 »j)+rn 

)*' 

LL ( '•') -C( 3 ) *! 1 1 

"12 ij) 

3/(1 

* c + 

C ( 3 

)-r 

58 

ELfvr bPl r/Fi.r { 1 , j 

3-J 

* r 








ELCVTsF'i f/ALr(2,.i 

3-1 

# . 








FLC' /T 1 ' S H. C/ r l 0(3! 

-1 * 

'■ 








A V t f 6 /v ( S'"T‘ ' , 

r.v T 

: f ) 







62 

I r ( * 1 * 15 n °A5^ 

( ) f 3, A 

A - 3 






63 

FLP'' 7 s. ( -rv T f f'*n r 

VT-4 

r l r'- ^ ) / 

r- \ T K ' 






64 

or Tf f" 









65 

El f.VT = ( r 1 ■ T : ' r *F l.*" 

VT- 

n r 1 t ) /r" T i ■■■ 






66 

ELf = P"F T ( FLC^'T* *r> 

+ E! 









ai r=r 1 r/n .p-pi.r* 

^?) 









CT. A s>"/« r "TT( Afpfy 

w u/ 

a l C * * 3 ) 








SPL' r f = f r? !,.C( 2 -> J)/'' 

LC} 

* <: r r t ( a 

tii , : - 

• ElC« » 

? ) 5 * 

r LL* 

VT 



CSl EF r ( '‘L.r ( ? t w ) / p 

L C) 

'¥•([" 1. C -K -V 

r + FLC'/i 

! ) 






Sf T Ts( Pt_S( 3 ) /P 1 " 

( 

A f -s ( Ai.r 

*PLf> ) j 

1 * S V T 1 ' i 

K/ T~( 

■as 

<3>/PL 


c.( 1 .o-rv T » ;, 'T ) *sp ; f 

c 









cf t -’■' T » j , 0 - ( push 

) *” 

LC(P^vJ) /( Al -C: , r 

•UP) ) * 

( 1,0 

-Cv' 

T H vl 

T) 


sf t"?= t •‘i r ( 1 j j) /r 

-RT 

( AOC- ( 4 L . 

r '*r-ix \ ^ 

1 ) *SV T 

k 

L C ( 

1 / J)/ F ’ 


C ( 1 • 0 -C\'T v P ) ¥ PS'jEl 










CF T Mf '- * 1 . !> C ( t- LC( P 

* J 5 


J) / ( A'_ r*PUD 

) * ( 1 

* v w 

CVT 

ve* ) 


ET-- A T = ATA\(S r Tn"T 

,Cr 

t ; v t •) 








ET v 3s n T *'•( S£ , T vo I r PT ) 

at : j ' / t = f r -' k, T +(?•';* os./er. * ( s i\ ( et u ■'T/ P * o ) > **■-: ) -cs »s c r- - t 

A Ov T*- p T'-'n + 2*0*S c, '8 ! T« ( pf "(rr'V? . 7 .} ) »*2+CSU0E *3CT‘-» 

F ( 1 , J ) =t * j ( 1 ) -y<* ( A ^ v T / r T A ) 

82 F ( o, j) si (3 ) -X'<* ( AT^yy/FTA ) 

OF.U M).(l r { 1 .!>)* c (l»n )/(5‘LC( 1 - ?) -'?LC( W 1 ) ) 

DFL(F/1) = (F(2#2)-F(p 4 i ) )/( Ri_C ( 1 > ?) -xLCC U 1 ) ) 

DFl_( 1 j?) = ( c ( 1 #3) - r ( 1 , l ) )/(J«LC(?/ 3 )-RLC(?M ) ) 
0EL(?/?)»( p ( 9 *3)-F(?,n ) / ( PL C( 2/ 3) -9LC( 2 > 1 ) ) 

PAT- L = C r L (MlnCn.i?,?) -Dr[. ( 2> 1 ) * ^EL (1*2) 

PDEt ( 3 ) =2Fl (2/2) *F( 3 , 3 ) -PEL f 1*2) *F(?>3) 

PDE L ( 2 ) = -E l ( 1 / 1 )*F('-,P) -Dfl ( p » 1 ) *f (1 *2) 

PEL < ( 3 )«-P'“El (1 ) /PArFL 

DE[.P ( ? ) s-PTEt, (25 /pALTI 

CTl = JTI>T 
PFJ'T IP'', CTl 

pf?' t de- lf( i ) > T/ rn p(p ) 1 1 

106 F f-RVA t ( 1 no, 3 . r LLP M ) = :-"F 1 6 .f$*****t= f 12# //* s DCLR ( 2 ) =S F 1 6 • >■ 1 * ** ** I =■ 
3 TIP) 

I T I v F<=f' 

92 I F ( A F- P ( TL P ( 1 ) ) - ? « Or Of 0 O000 1 } a 3,P3*95 
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non 


93 IF< AE 5 S<C'ELR(?n-0.0O9C0O0cm ) 94 j 94/ 95 

94 GP T6 97 

95 RUCK I+l )«ABS(Rl_ri.< I)+CFLR(1) ) 

R UC?< 1 + 1 ) s ABS ( RLC? ( J )+DFLR(P5 ) 

96 CPMTIK'r 

SBUVF r p R If-ERTI/L VFUPC.lTV VITTpi, 

97 RLCF»PL.r?{ I) 

FUC»1.0-(Al C/RL.CF ) * ( 1 .O-CPS(ETHK) ) 

GUC»TALir3)-SCRT(/l.Cxv3/X w U) •* ( ETM: t-SET^MT ) 

XLCV<?)«{XLC(3)^rLC«vUC(5) )/CLC 

YLCV(?)=(VLC(3)-rLC^vLC(R) )/CLC 

ZLCV ( P ) = { 7 LC f 3 ) -FLC*7LC ( ? ) ) /VIC 

CT?= IT r-F 

PR I 'IT 1D0/CTP 

PFI'IT 17 7/ Xl..CV( -> ), YLCVfP ) , Zl.CK 7) 

107 FBR M ATn HO / +yucv( P ) = <!:F1 A.P.,. // / * Y|.rV( ? ) s£ri6-^-> //» TZL rv/p ) = ff"1 6 . ) 

c 

c 

Ittt =0 

C SOL'jTI"': F fl R CLA7SIC\L FLp'FXTG 

RLS( 2 ) =50 r ?T( *LC< P > * *^ + YLC ( P ) **? + Z:.C. (2) *«P ) 

RROOT = v l. C ( ? ) *Xl.C''(?)+Yl_r(P) »Vj. CV ( p ) +Z|.C( 2 ) *Zl.C7( P ) 
Rir:/(?)=PR>)T/RLK2) 

VsSTRT(YLC\'(P) »*P + Y'.CY(P) k * P + Z I C V (P ) **? ) 

ALC= ( '"LG ( P ) * ) / ( 2 « "i » y" iJ-v* *9* ' [. K 2 ) ) 

•CS'PF = M O-RL S( ? ) /AUC) 

SS Hf a ( '-■'L CV( P) *Ri S( p ) ) /?Gft ( x-'t * &;.C) 

Fl. r ■ 9 T S’ T ( S S J 9 E •* * 9 + C T ~-F* * ? } 

cese = t n r - c UK?) ) /( t LC * r Co 

XSjRv s / ! C* ( C P 5C - FLC ) 

C°SV«'/ S' ' D / /RL $( ? ) 

SKV = fCPT( c l. F(p) * * 2 - v< ..." -'**7 )/»L ;■,(?) 

S I k F = 9 0 p t ( i . C -f l. r **P ) *S! "V/ ( 1 . O + n C«SI‘.V) 

F = A T A‘ ( 9 T* r, ff <:r ) 

T F s T ( p ) • ( ( T - f LC*PTNI } / ( V^» S ' r-T ( y )) ) *SGRT ( ALC++3 ) 

wy = Y L r ( p ) * 7 L r V ( P ) - Z 1 . i~ ( p } * yl C ' ' ( P ) 

HY = - ( >1 C(p HZLCKP) -7| f( P) *'■ LCV ( " ) ) 

H?*v| r ( r 1 *yi r ( ,-i ) -Y;.r ( ? i *x| r \'( p ) 

va-gi c/t/p ( o i -v' , r r 'S •} 

yp- iv -i )' 

CfF IYs-rv 

f rTK = /TV rjr. )(,:)■; "r j 
FX'-’=r.P r ?T !:"'»«.'>+ <Y* «• •’ i 
OJHCl =ATA (FXP, <Z ) 

iJW's-Xl.CC '• ) *31 ' ( 9 -1- K) *C»'3' > ''»r. , Ci ) +YLC (?) »C"3(n v P .A ) >9 -■ ( I 0 1 . ) + 
CZLC( P ) +9T" ( 3 I -;CI. ) 

om=xi C(P)«C‘“'>ev' , rG\) m C(P) *sr r^rG*) 

'Js A T A ' ;*•' . % "'F'-) 

•vs'j-VA N'^r 
CT3= ITI’-r 

°pim rvi? 

100 rppvATKKU U'FCsTK) 


I 


■>: 
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Crt 03 


PRINT 109/ ALCjELr^TE^eWEGA/filNCL/W 
109 FOR^ATUHO'* *LC=$E1 6 •£///> ariC = !£Ei 6.8,//, *TE = $EI1 6. g///, 

l«erEGA = *n f .P,//,^0JACL = *F1 A •8,//,$W«$Flf. .8,//) 

119 CONTINUE 
GO TP 120 

32050 PZF 

m j rj I T I M E 

BR1J ♦ ? 0 5 : j S 

120 ENP 
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APPENDIX J 

MODIFIED LAP LAC I AN PODM, MIXED DATA 


Given the mixed data , a tl - , t.- , 6 t .- for i = 1, 2, 3. along with 4>.j , 
*Ei * H i and the constants, a e , k g , p, f, de/dt , proceed as follows: 


T 1 = k e (*1 " *2> 
T 3 = k e ^3 ' t 2^ 
; T3 

1 T i ^ T i " x 3^ 


(t 3 + Tj) 


So = 

2 T, T 


1 3 


, _ ~ T 1 
3 t 3 (t 3 ' T l } 


Tu = 


J.D. - 2415020 
36525 


6 = 99^6909833 + 36000^7689 Tu + 0^00038708 Tu 2 

go 


For i = 1, 2, 3, compute 


(321) 

(322) 

(323) 

(324) 

(325) 

(326) 

(327) 


de 

e i = 6 g0 + dt ( t i 


t 0 ) + XEi 


(328) 
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I 



(329) 


J li 


J 2i 


~\J 1 - (2f - f 2 ) sin 2 
u - ^) 2 a e 

“^1 - (2f - f 2 ) sin 2 <j> i 


+ H, 


+ H i 


L xi = cos 6 ti cos «ti 


= cos 6 tl - sin a tl - 


L zi = sin 6 ti 


Continue calculating with 


P2 - + S2P2 + S3P3 


-2 “ S l^l + ^2-2 + ^3-3 


X 2 = " G 12 cos ^2 cos e 2 


Y 2 = ‘ ^12 cos ^2 sin e 2 


Zg - “ G22 sin <j>2 


(330) 

(331) 

(332) 

(333) 

(334) 

(335) 

(336) 

(337) 

(338) 
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I 




% = - 2 <4 • v 

As a first approximation, set rg = ^q, where is an assumed value of 
r 2 » i.e., 1.1 e.r., and initiate the following iterative scheme: 



( 345 ) 


( 346 ) 


111 


(347) 


2 2 2 
F( r 2 ) = P2 + P2 C ip + R 2 ' r 2 


3 \ (2po + C.)(Dpp ” 

p-(„) -£] *. 


D 


C + | 3 

r 2 


(348) 


and obtain a better value of rg, that is, 


F [(r 2 )n] 

^ r 2^n+l = ( r 2^n " FT (r ? )J » n = 1, 2 q 


T (r2 H ’ 


(349) 


If the improved value of r does not vary, that is, 

2 


K^’n+l - (r 2>nl < £ 


(350) 


where e is a specified tolerance, i.e.,10" 1 ®, proceed to equation (351); if not, 
return to equation (346) and using the latest value of r 2 , repeat equational 

loop (347) to (349). 

Continue calculating with 


-2 p 2 -2 " -2 


(351) 


-2 ~ p 2— 2 + p 2^2 ” ^2 


(352) 


Continue by calculating for classical elements. 
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APPENDIX K 

R-ITERATION PODM, MIXED DATA 


Given the mixed data , o tl >, , t^, for i = 1, 2, 3, along with , 

, H n - and the constants a e , k e , u. f, de/dt, proceed as follows: 


'1 = k e (*l “ *2> 


t 3 = k e ^3 “ *2^ 


c _ ' T 3 

1 ' T i (, i • V 

T 3 + T 1 \ 


S 2 " 


T 1 T 3 


- ~ T1 
3 T s U 3 - Tj) 


Tu = 


J,D. - 2415020 
36525 


0 = 99°6909833 + 36000^7689 Tu + 0?00038708 Tu 2 

90 

For i = 1, 2, 3, compute 

L xi = cos 6 ti cos “ti 


(353) 

(354) 

(355) 

(356) 

(357) 

(358) 

(359) 

(360) 
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Lyi = cos 6 t1 sin a ti 


L . = sin 6. . 
zi ti 


d 0 

6 i = 6 g0 + dt " V + X Ei 


G li “ 


a e 


+ H, 


V 1 - (2f - f 2 ) sin 2 <t» i ‘ 


(1 - f) 2 a e 

G?i = , + H-j 

1 - (2f - f 2 ) sin 2 Ti 


= - G^- cos 4>.j cos e.j 


Y- = - 6^- cos <(»^ sin e^ 


Z n - = - G 2i sin <f>i 


-i k. 


de 

dt 


( 361 ) 

( 362 ) 

( 363 ) 

( 364 ) 

( 365 ) 

( 366 ) 

( 367 ) 

( 368 ) 

( 369 ) 


118 



C * = " 2 ^ L x 2 X 2 + L y2 Y 2 + L z2 Z 2^ 


(370) 


As a first approximation, set r 2 = r g . For near-Earth orbits, set r g = 1.1 
and obtain 


r 


p 2 = 


"V S 2 - 4(R 2 2 - r 2 2 ) 2 


(371) 


Compute the radius vector at the central date from 


^ 2 -2 ~ ^2 


(372) 


Obtain the numerical derivative 


k2 S l-1 + S 2J=2 + S 3kB 


(373) 


Continue calculating with 


r = p L + p L - R 
-2 2-2 2-2 -2 


(374) 


r • r 
-2 -2 

r„ = 

2 r 0 


(375) 


s ~\[l 


r • r 
2 -2 


(376) 


Utilize the derivatives of the f and g series to compute 


fj = f(V 2 , r 2 , r 2 , x i ) , i = 1, 3 


(377) 
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i = 1, 3 


(378) 


9-j = g(V 2 » r 2 , r 2 , t.,.) , 


Continue calculating with: 

E = ^ 1 9 3— 1 * ^2 “ ^ 3 9 1^3 * ^2 


+ ^1^3—2* ^-1 " — 3^ 

A = {tjggLi • - ^ 391^3 * R 2 


+ 9i 93 (ki " L3) * J*2 " 93L.1 * ii 


+ 9ik3 * £3^/^ 


„ _ 9 1 9 3^2 * (kl " —3^ 

0 - 


= A + p^B + p^C + p^D 


If 


K^n+l ” ^ p 2^n I < e 


(379) 


(380) 


(381) 

(382) 

(383) 

(384) 


(385) 
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where e is a specified tolerance, i .e., 10 proceed to equation (386); if not, 
return to equation (372) with the latest value of p 2 obtained from equation (384) 
and repeat equational loop (372) to (385). 


Continue calculating with 


-2 " p 2^2 ‘ -2 


(386) 


: 2 = 


P 2^2 + P 2^2 


*2 


(387) 


Continue by calculating for classical elements. 
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R- ITERATION FLOWCHART 
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c 

c 

“C 

T 


c 

c 

c 


10 *? 
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C 

c 

c 


R-UE&A'f p RFL't M I .ARY RR3 T T DE TER w I ‘..AT I : 'N YfTH*»D 
RAMRE RATE ADD A k HL r G ( FSCDBA La P AGE 3c?) 


DO 59 N*l/?5 

DI-ENSI 0 - T A 1 J ( 3 ) aS( j ) ,G1 ( 9) >XL.(3 ) « YL ( 9) a ZL( 3) * THE T A ( 3 ) , X ( ••• ) » Y < 3 ) , 
tt ( 3 ) , XV ( 3 ! , Y w ( 3 ) / 7 V ( 3 ) , Rl_r { p ) a R( 3 ") , P?( ?5 ) , XI,C( 3 ) a Y|. C ( 3 ) * J ! .C ( - ) a 
CXLVC 3) i VI V( 3 ) . ZL W ( 3 } , XLCV( 3 ) . Yl.CV(3) a 7.LCV ( 3 ) a FV ( 3 ) a 0 V ( 3 ) , (3) , 

CV ( 3 ) a 0?( 3 ) * D r BG( 5 ) a T ( 4 ) , AlPi !A ( 3 ) , OELT A ( 3 ) « YA^E ( 3 ) .* P‘ ! I ( ? ) » ( •; ) 

READ PA*r.- RATE A-D a»'3ULar U'-PJT DATA 

READ m«:,!-LA T »Af- , Y<, v M 'J, DT U| T a 
READ 10* a T ( H ) a T< 1 ) a T( ?) ,T< 3 ) /TJD 

Re A 3 in 1 -’ A Al P"A( 1 ) , ALPHA(P) , U P l *A ( l) » DELTA ( 1 ) ^ delta ( ?> ) 

RE’ AD 1 o'- . DELT m 3 1 a Y a 'r( j ) . Yr 1 V F (<? > , YABr (31 .PHI ( \ ) 

READ 1. 0°A n ^ T f 2) / D, 'I ( 3 ) a'-H 1. ) > L, { P) iM 3 ) 

READ 1 CP * r l Va PP'/ • -°3V 
FOR" AT (',ri r.P ) 

F 5 ' w « a T (3 F 1 6 • * ) 

ECHO rpr-'-.A 


PRILf 1 1 ?, r LA T, Ar , X<’, V- Ja DT- ET A, t ( A ) a T JPa 3 ( 1 ) , T ( ? ) a t ( :■ ) 

110 FORMAT ( 1 .-o # i r LAT ■ EE'. -El 6 *.cT »» v >* 8 ‘ r l ' • . // 


111 

1 T A = 

1 $ T ( 1 ) x * - 
PM'T 11 
rvA-r n ) e 
Ff.'^ "A T ( 

r, -E 1 6 • *4 9 x “ T ( •( ) = t r l A . » < T 0 ns!tE] A * ? , //a 

1 A, . x - * * T < 3 ) = f r 1 9 y * t ( 3 ) L r f, > c ) 

1 . AL |j -*A (1 ) a AL p -'A ( P ) ,- -ALP’ 'A ( 3 ) a - ' r L Ti ( 1 ) , DEL ! A ( P ) , DC T' 

Y/,‘ r ( P ) . v * Bi- ( 3 ) 

D a t ALP' !M 1 ) r f.c 1 6 .a * * A u p: A ( ?_ ) = WF 6 . 8 a * * AL P-' <• ( 3 ) - r : 

11? 

1 / /, ‘ 7 r 1 ^ 
1 ( 1 ) 

dp;t"T 

F r 1 \ v ■ A ^ f « 

A ( 1 )* «F ; a » S *• >• » D r LT A ( P ) « ,-p i 6 ♦ •*>•; « * f ':'LT A ( 3 ) a : {• 1 ' 

s '.ri f . s-c- » x Y: -T ( T ) st.f 1 B «# YA* ( 3 ) = FEl a. 3 ) 

P . 11 ( 1 ) . r f P ) , | T ( 3 W ( { ) A >-*( ■’ ) » • ( 3 ) / P 1 V j P ' « •' V 

• - , 1 [ ( ’ 1 = " 1 B • °- ' * * 1 ' 1 T ( P ) = r F; 1 a J ( 3 ) = •-'/,. - ..// 


11?i- f 1 )st: 
1 $Pl *' = - 

* a • " x * ■ 1 ~ ) ■= •* r 1 [f . . * > * " t < ) s j- r 1 » 0 .. / / , 

t . v ; * kP'Jw.j:,;; . s , ; <f, „ * u-y, J- [' i ft , B > 

c 

c 

BE r i I N c- 

f f -'M > I T*' ^ 

c 

c 

ALL f T1f 

-:;YY ! "!L 1 0 ! 3 I -! S’l- R"‘ J1 I r 

c 

s 

ITT"! = C 
LEA 


s 

ST A 


s 

BA' : 

- J r 

SP05 

BE ’ 


S200 

ED- 

'»p )" r ^1 

S 

pn-f _ 

P ' ' p ^ V j 

S 

E I P 

T A 1 1 ( 1 ) = 

T A 1 ( 3) = V. 
TL= (3 J*- 
GT»|f'TA. ( 

A X f T ( 1 ) - T ( 2 5 ) 

^(T(3)-T(?)) 

^■■>•6^3^^+ V* ^ * T -4 > • ^0r‘'^F7.;8 * T^* * ? ) / ~w « / 7 
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■ I 


11 


21 


C 

C 

c 


43 


45 


St 1 ) = 

* T \ ; 

( 3 ) / ( T 4 1 1 ) 

» ( TM ! < 

1 

) -T A, 

( R ) 1 ) 



S ( ? ) = 

- < T r 

,.(?)+ T A • t 1 ) 

) / ( ~A! 

( 

1 ) ^ T 

: i3i) 
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. T / • 
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* ( r -•> ; : t 

■5 
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Dr- t 

T-1 

f 
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T 

r '• T ( 1 . t - t ? . 

• v r L •' 7 


; L i Ti 

.;)*tS!M 

run I ) ) 

)**■') 

Gim 

= /r/ 

DC* '"(1)4' ( 1 

s 






3 ?t n 

- ( 1 * 

n-H AT )»*•?!< 

M/ :[- : 


(T)+- 

t 1 ) 



*L'( 1 ) 

- r r r 

t DEi ta t n ) » 

rt - { A ; 

L* 

1 A ( T ) 

! 
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_ r- . <- 

“ ; 

(Mi T A { T ) ) * 

c I • ( A l 

('■ 

1 a < n 

) 



7L( J) 

= M T 

( : ta ( y ) ) 







Tl -t" T £ 

{ n = 

TA.^ t 4 ’ 

T * * ( T ( 

T 

WT ( 

) > 4YAi“E( I 

) 


X( 1 ) = 


1 ) 4 '"'•Gt r ’' 1 ( 

T ) ) * C- n 

r* 

•> 

( T ^ r 




Y(T> — 

*. ^ W 

T ! * :"( n 'J ( 

T ) ) » s T 

*• 

{ t . r t 

•{in 
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APPENDIX L 

TRILATERATION PODM, MIXED DATA 


Given the mixed data p j , pj, tj , j = 1, 2 ,..., q, for a set of observing 
stations with coordinates <J>^ , x Ei» H i ’ 1 = lj 2 ’ 3> and constants a e , f, 
de/dt, proceed as follows. Reduce the range and range-rate data to a common 
simultaneous time such that p n - , p^, i = 1, 2, 3, are available for an 
arbitrary modified time tq and compute 


Tu 


J.D. - 2415020 
36525 


(388) 


e g0 = 99^6909833 + 36000^7689 Tu + 0^00038708 Tu 2 
For i = 1, 2, 3, compute 


(389) 


G li “ 


+ H, 


V 1 - (2f - f 2 ) sin 2 ( f. i 


G 2i 


(1 - f) 2 a e 


+ H, 


1 - (2f - f 2 ) sin 2 <f> i 


e i " 0 gO + dt (*i " V + x Ei 

X n - = - Gj.,- cos <t>i cos e n - 

= - G-^ cos 4>-j sin e^ 


(390) 

(391) 

(392) 

(393) 

(394) 
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II 



Zj = - G 2i sin ^ 


R- = R i • R i 


1 F 2 2 2 2 

?21 = Z [ p 2 “PI " ( R 2 " R 1 ) 


’31 


= |[p 3 2 - P X 2 - (R 3 2 - R x 2 )] 


Aj = (Z 3 - ZjHYg - Yj) - (Z 2 - Z 1 )(Y 3 - Y x ) 


(x 2 - X 1 )(Y 3 - Yj) - (x 3 - X 1 )(Y 2 - Yj) 


B ■ 


£ 3 1 (V 2 - Yj) - c 21 (V 3 - Yj) 


a 2 = (y 3 - Yj)(z 2 - z^) - (y 2 - y^)(z 3 - z x ) 

(x 2 - x x ) (z 3 - 1 Y ) - (X 3 - Xj)(z 2 - z x ) 
c= ‘2 

_ C31 ( Z 2 “ z l) - C21 ( Z 3 “ z l_) 

A 2 


( 395 ) 

( 396 ) 

( 397 ) 

( 398 ) 

( 399 ) 

( 400 ) 

( 401 ) 

( 402 ) 

( 403 ) 

( 404 ) 
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(405) 


ej = A 2 + C 2 + 1 

e 2 = 2(AB + CD + X x + CYj + AZj) 

2 2 2 2 
£3 = B + D + 2DYi + 2BZi + Ri - pj 

e 2 ±^ e 2 2 “ ^ e l e 3 


Y 0 j = Cx Qj + D 


z 0j = Ax 0j + B 


Oj = -Oj * -Oj 


Reject the ^ that does not satisfy 


p i ~ r oj 2 + 2 %’ * h + R i 2 


and continue calculating for i = 1, 2, 3, with 


R-s = 

-i k 6 


Y i 


Z i 


d0 

3T 


(406) 

(407) 

(408) 

(409) 

(410) 

(411) 

(412) 

(413) 
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(414) 


Invert the matrix 


and obtain 


Ei = Eo + *1 


E i = p i p i " — i • p i 


(415) 


M = 
s 


p xl p yl P zl 
p x2 p y2 p z2 
p x3 p y3 p z3 


(416) 


*0 

yo 

- h]- 1 

1 

« — l CM 

LU LU 

1 

o 

• N 
1 


N 


(417) 


Continue by calculating for classical elements. 
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TRILATERATION FLOWCHART 
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Clf.L^d) . i"L3 ( 3 ) / r ' r LT A ( 3 ) * F D ;>( 3 ) > XLCM ( 3 5 * Yt_CM<3) , /i_C " < 3 ) . ! " C (2) - 
n=>l .92 ( 2 ) . P'n.C^O) » W( 2 ) # Y'/n ) , 7-V( 3) ,PX( "» ) > PY(3 ) ,P? { 2 ) » p (3) * 

9YL.C ( 3 ) > 7L.C ( 3 W PL'~ ( 3 ) , X|_C V ( 3 ) > YLCV( 3 ) • PLCV ( 3 ) / CpF !5 (2,3) 

PT'-ENSI T ( A ) / Pi-'T < 3) , YA m C( 3) * P( 31 #PV( 3 ) , H( 3) # Z'-CYf 2 ) 


C 

c 
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10 * 

c 

c 

c 
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PPR'lATt 5 P 15 . 2 } 
p r,p rmt ✓ 

PR T IT 1 ’ 0 . "L AT/ \ r . X n XY'.l, IT ET A, T ( '4 ) , T .T, r < \ ) , j ( p ) , T M ) 

“ 41 R " A T ( ’ ' ‘9 » 1 r L A T = E*. A. S'"** ‘ = t r l A- I**!. -n= iEl 5 X" - • // ■ 

i TP T IETA»-.r« a - U ) s$P1 A . ' 9 * *T j".= TC \ 5 .*,,//* 

' *T ( 1 ) a*"' .A , 2 '!-** T f ) t*r 1 A • 3 A * v T ( 3 ) a TEH A . i ) 

PR I IT 1 1 , ,-, H T ( 1 ) • "HT f P) # p < T ( 2) , V A ' ’E ( 1 ) * YA - t (2 ) , v * P ( J ) , n ) • ' ( 5 5 .» 
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THETA ( J) sG T HFTA + r 'THrrA#(T(? )-T(A-)j+YA«fT( J) 

rjisTescPTn ( jyy*cfts(THFTAyjyj 

Y(J)«-G.1 < J)*C8S(PMI ( J) ) *S IN (THETA ( J) ) 

ZIJI ■-G?TJJV5IW PI n •( J ) •) 

11 R(J)=SQ%T{y(j)**? + Y{j)#*(? + Z(J)**£) 

TrrurrnxT^TP n?r**?.'Pciui?-'( r i b) * »s - * < i > * *?) ) 

0EL3(1 )sn« r >*(P(3)**p-P(t)**?-(R(3)**2-R(l)*»2)) 

DELTA (Tj =7 7'f3)-Z ( t ) )' *< V (?■ ) - Y ( i ) ) - (2 { 2 ) -'Z ( 1 )) * < Y ( 3 > - Y ( 1 ) ) ' 

A»( ( X( 2 ) -X ( 1 ) )*( V (3)-Y(1) ) - ( X ( 3 ) -X ( 1 ) ) * ( Y ( 2 ) - Y ( 1 ) ) ) /DELTA ( l ) 
3*( DELIH) *'( YT'gV-'Yl 1 ) > -DEL? m*(Y|3)-YU)|) /DElTA < 1 ) 

DELTA (2) = (V(3)-YCt))*(Z<?)-Z(in-(Y(2)-Y(i))*(Z<3)-Z(l)> 
r=T‘rX (?I.mT!*J7(3)-Z(l) ) - C X { 3 ) -' X ( 1 ) )*C Z{ S)-Z< i > > l/PEL^t?) 
D * ( D E L 3 ( 1 )*(7(2)-7(l)) -DEL? ( 1 ) * ( Z ( 3 ) -Z ( 1 M ) /DF LT A ( ? ) 

EPSTi )=/'.** ?+<"**2+i i n 

FP'?(2) < A*B+r *D+v< l )+C*Y( 1 ) + A*Z( 1 ) ) 

FP5 (3 ) = r * *2 + r '**? + ? • D * r '*Y '( i ) + 2 . D*8*Z ( 1 ) + P ( 1 ) * *?-P ( 1 ) * '‘D 
Xt rD( 1 ) r e -t PS( 2) + 3Q?T ( APS ( F’'F( 2 ) **2-4 ,''»rr-S( 1 ) »F D .j( 3 ) ) ) ) / 
TCP>D*FP^(1) ) 

XL r\'(P ) = ( -TPK(2> -3 Gpt ( Ab?( F r, 0( P ) *#2-4. , '*rPS( 1 ) »LP '.( 3 ) ) ) ) / 
r(?.D*FFDn ) ) 

26 Dr 31 J= 1 , P 

YLC ! !(J)*r*'*L.rt’.(J)+D 
7 L r C J) = A*XL r M J)+B 

PI <*'•'( J) = 9P r T (XL'O u 'Ji *»? + Y|.e ( J) **?+7.LC"( Jl**2) 

PLDP( J) =?.?* { XL'C K ( J ) « *( 1 ) 4 vl C'<( 3) *Y( 1 ) + ZLCN ( J ) */([)) 
p PLDP( J) = ?( 1 1 **°- r 'LC"< J) **?«F( 1 ) **? 

FT 1 a I T 1 1 T 
PE T -IT inn.CTi 

PPJMT 13’, f ?LDR( J > t P ; ' LCP ( • J ) , , i 

103 FPQ'IAT ( 1 HO - $ p L n 3 ( J ) * tEl 6 • 3* * **PR[_CR ( J ) = * r l 6 . 8<L# * * J* T I ?. ) . 
ITrTaO 
31 r.D'THT 


c 

c 

c 


c 

c 

c 


nfTrR-'i' r * PPL I P A^Lr REAL P n DT 

3? TE( A8D f 1 ) -’’dC" r 1 ) ) ,''0'V>nr>D01 > 99.39.»25 
35 XL r( ? ) s-’LO ( 1 ) 

Y L c ( ? ) a V M ( 1 ) 

ZLC ( ? ) = ’’LT • ( 1 ) 

3 A 3V T“ 4~> 

3 ? XL'~(?) s''L" .( ? ) 

Y! r(2) avi p-.(P) 

zt- r (?) = 7 i. r- (?) 

A? Of A 9 1 = 1,3 

XV ( 1 ) a-Vf ; 5 • 

V \- ( J ) e X ; T ) n.DTplET */X< 

1 V ( n aZ r M x')THET '■/.<:< 

PX( I ) a v: P r? ) +x ( ! ) 

P Y ( T ) a Y ! -( ?) 4-Y( I ) 

P ;/>):?' Z ( ’ ) 

A 9 r ( I ) S r ( M » ( I ) - > /, /( T ) *PX( T ) +Y W ( ! i * D Y( T ) +/V( I ) * 

' ' T 9 I X T> "CPEIM ; 


/ ( I > ' 
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c 

c 

c 


icn 

c 

c 

c. 


r 3 1 • a r s p y ( < i ^’Y(p) *^ n Z( o + p v ( : m- ° 7 { :-■> ) * f 5 X ( "? ) + ' ' Z ( i j x r v ; 31 < * y ( ■' 1 - ' v ^ ‘ * 
^ D Y ( ? ) ? 1 - ~>Y (‘ ^ X P7 ( p ) <nv; / - ) - p / (' 3 ) * PX ( ? ) * PY ( 1 * 

r*M* r,h “( t » * ) »P V ( 2 ) * V { 3 ) - p Y ( 3 ' * D 7 ( p ) 

C n p n v« ( j , o ) s. ( PX( O ) *P? { 3 ) -"'■< ( 3 ) *P/ (?)) 
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Appendix M 

Herrick-Gibbs PODM, Mixed Data 

Given the mixed data p^, . , 6+., for some t^ with i = 1, 2, 3. 

along with station data x F . , H- and the constants a , K , y, f, 4, 
proceed as follows: 1 ax 


T .. _ JD - 2415020 
lu " 36525 


(418) 


9g 0 = 99°. 6909833 + 


36000°. 7689 Tu + 0°. 00038708 Tu‘ 


(419) 


For i = 1 , 2 , 3 compute 


L x i " Cos 6 ti Cos a ti 


(420) 


L • = Cos « t1 Sin a ti 


(421) 


L . 
zi 


Sin 


tT 


(422) 


' . = 5 + H. 

ll 9 9 1 

1 - (2f - f l ) Si n^ <j > i 


G 2i = 


(1 - f r a e 


1 - (2f - f 2 ) Sin 2 <f> i 


+ H i 


(423) 


(424) 
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I 


mi uni mu nun 


e. 

i 


d6 

0 + THT 

go at 


(ti - t o ) + x Ei 


X i = - 6^. Cos (j). Cos e i 
Yj = - G ln - Cos (f> 1 - Sin 0 i 


Z i " - 


3 2i 


Sin 


r . 



- R. 

— i 


(425) 

(426) 

(427) 

(428) 

(429) 


From the observation times, one may compute the respective modified times, 
that is 


ij 


= K„ 


<‘j - V 


(430) 


wi th 


j = 1, 2, 3 and i = 2 


T 23 


1 t 12 t 13 


(431) 


T 12 


3 t 23 t 13 


(432) 


G 'z = G '\ ~ g '3 


(433) 
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wi th 


(434) 


t 13 - t 3 " T 1 


Continue by computing 


- _ v T 23 

1 = 12 


u t 12 
3"12 


H' 2 = H'j - H'3 


and form the coefficients 


= G' i + — | for i = 1 , 2 , 3 


tz = - d l Hi + d 2 Ig + d 3 —3 


Continue by calculating for the classical elements. 
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C MF.RR I CK « GI PBS PR? 1 1 M t m.PY pTMT ?rTF.R“lNATl6 N mETfrD 
c Range and *\glfs <Egc 9 bal,p • gf 31- ) 

c 

0° 59 N=l»?5 

C 

0 I MENS I *v yu ( 3 ) . YL( T> ZL( 3) > DEY3 ( 3 ) *Gl ( 3) . G?<3) # Ti-iETa ( R ), X( 1) , 

CY ( 3 ) , Z ( 3 ) / XL r ( 3 ) . YLC ( 3 ) > Zl.X (3) * i?LC( 3>»T<4)*P(3l/ AL P ” * < 3 ) ‘ 

CDFL.T A ( 3 1 / CV (P)/mP(3>,P(3)/XI.CV(3) ,YECv( 3) , ZLCv ( 3 ) RLf V { 3 5 * 
cyavfo) *p- ! i pjfHn) 

c 

C RF AG PA* G- A'D Av-iJL.'R I’lPu T DaTa 

c 

REAR 10 R >FLAT/Ar» Vl << V'X, Ojt ■* T A 
READ 1 C c a T ( 4 ) , T ( 1 ) f T ( p ) , T( -3 ) . T J -> 

READ 1. 0~ , *.L f ’ ‘ A ( 1 W At ° -■ A ( 2 ) , - 1 P> ’ ** ( 3 ) / 1>ELT a 1 ) » UE U T a ( P ) 

RF AD IDs .’'f L T A< .31 . Y **-r ( 1 ) , y ’ k, r (p ) , YA*T f 3) , P- . 1 ( l ) 

READ 1 0 R I ( 2 ) * ^ ^ I ( ? ) / 1 1 ( t ) » ‘ - ( P ) / p ( 3 ) 

READ 10“/ :»( 1 ) « P< P ) > P( 3) 

10,3 RfiP IaT (An '•>, ) 

109 r-0R M AT( Rfj .c ;) 

C 

C FCH'l rt-rr-.; 

c 

PRI jT 1 1 P, r LAT, at. X yv r*T r T A , t ( 4 ) , T JD, t ( 1 ) , T ( ? ) » T ( ?j 
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pr. I NT 3 11, L * ’ H A ( 1 ) , M rM* (Pi, ALR-'A(3) j D r LT \ ( 1 ) , DEL I A (•■ ) , r ri. T • ( 0 ) , 
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PFriT Up,fT’ 

PRfJT in,vpv(5' . Y i . r •'('’) . 7 L C ( 'i 
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splJtip- cu c:i A . '■-r I r / 1 _ r*Lr* r “is 
1 T ! “E‘* C 

RL r ( ? ) * f ( v l»C" ( p ) * * p + yi C { p ) » - p + z 1 C ( 2 ) * * ? ! 
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v A M 0r = a t *.■ (st.-.vg r^s-') 


142 



S ! = 

Cf'3 !V : .‘ v 
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APPENDIX N 

OSO-III ORBITAL PARAMETERS 
Epoch 67Y 10M 27D OOH OOM 


Parameter 

Value 

Semi major Axis 

006931.15 km or 004306.81 mi 

Eccentri ci ty 

0.00216 

Inclination 

032.863° 

Mean Anomaly 

351.947° 

Argument of Perigee 

226.399° 

RA of Ascending Node 

187.347° 

Anomalistic Period 

; 0095.70901 min 

Height of Perigee 

000537.76 km or 000334.15 mi 

Height of Apogee 

000567.76 km or 000352.79 mi 

Velocity at Perigee 

027360 km/hr or 017001 mi/hr 

Velocity at Apogee 

027242 km/hr or 016928 mi/hr 

1 Geocentric Latitude of Perigee 

-23.138° 

f— . ....... 
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APPENDIX 0 

RELAY- 1 1 ORBITAL PARAMETERS 
Epoch 67Y 10M 11D 20H OOM 


Parameter 

Value 

Semimajor Axis 

011129.48 km or 006915.5 mi 

Eccentricity 

0.24115° 

Inclination 

046.323° 

Mean Anomaly 

291.027° 

Argument of Perigee 

248.553° 

RA of Ascending Node 

161.988° 

Anomalistic Period 

0194.74113 min 

Height of Perigee 

002067.24 km or 001284.52 mi 

Height of Apogee 

007434.94 km or 004619.85 mi 

Velocity at Perigee 

027554 km/hr or 017121 mi/hr 

Velocity at Apogee 

016847 km/hr or 010468 mi/hr 

Geocentric Latitude of Perigee 

-42.311° 



APPENDIX P 
STATION COORDINATES 


Station 

Latitude U) 

Longitude (x^) 

Height (H) 

Degrees 

Radians 

Degrees 



e.r. (10 -7 ) 

Fort Myers 

26° 32-53.78 

0.46335476 

278° 08'04.60 

4.8543647 

9 

14.110639 

Newfoundland 

47° 44^28.94 

0.83324413 

307° 16'46.71 

5.3630414 

112 

175.59907 

Quito 

00° 37^20.55 

0.01086249 

281° 25-15.62 

4.9117231 

3,578 

5609.7632 

Lima 

-11° 46-34.86 

-0.20553608 

282° 50-59.14 

4.9366596 

516 

809.00999 

Santiago 

-33° 08-56.23 

-0.57855837 

289° 19-52.88 

5.0497847 

681 

1067.7050 

Winkfield 

51° 26-45.43 

0.89790126 

359° 18-13.57 

6.2710337 

87 

136.40285 i 

Johannesburg 

-25° 53-00.98 

-0.45175414 

27° 42-28.49 

0.48359432 

1,565 

! 

2453.6834 : 

| 

Madagascar 

-19° 00-25.21 

-0.33173478 

47° 18-00.46 

0.82554296 

1,361 

2133.8422 

Orroral 

-35° 37-37.51 

-0.62180996 

148° 57-10.71 

2.5997184 

947 

1484.7528 




APPENDIX Q 

RANGE, RANGE RATE, AND ANGULAR DATA COMPUTATIONAL ALGORITHM AND 
COMPUTER PROGRAM LISTING 


Given jr (x, y, z) and £_ (x, y, z) at a time t with constants <j> , H, X E , 
de/dt, k e , y , tg, a e , f, proceed as follows: 

J.D. - 2415020 

Tu " 36525 (440) 

e g = 99^6909833 + 36000^7689 Tu + 0!00038708 Tu 2 

6 = e g + dT ( t ‘ ^g) ‘ ( 2ir " X E) 
a e 

Gi = - , - ■-.= = == + H 

V 1 - (2f - f 2 ) sin 2 <f> 

(1 - f) 2 a e 

V 1 - (2f - f 2 ) sin 2 i 


(441) 

(442) 

(443) 


X = - Gj cos <)> cos 9 
Y = - G^ cos <(> sin e 
Z =■ - G >2 sin <(> 



(444) 

(445) 

(446) 

(447) 
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Y = — X 

Y dt x 

(448) 

Z = 0.0 

(449) 

£ = r + R. 

(450) 

P = Vp. • £. 

(451) 

p_ = r + R 

(452) 

p • p 


p ‘ p 

(453) 

V 2 . 2 

r p = v x + y 

(454) 

r = + y^ + 

(455) 

r P 

COS 6 = ^ 

(456) 

sin 6 = p 

(457) 

X 


COS CX yr> 

P 

(458) 

sin a = 

(459) 
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APPENDIX R 

SOLUTION FOR CLASSICAL ELEMENTS 


Given r x (Xj, Zj) or r 2 (x 2 , y 2 , z 2 ) and the velocity fj (Xj, y 1# Zj) 
or r 2 (x 2 , y 2 , z 2 ), proceed as follows: 


r i =V • r 1 (460) 


r i r i ■ x i x i + Vi + 2 1 2 1 

(461) 

1 r l 

(462) 

V = V rj • • r^ 

(463) 

Semi major axis, a, 

r l p 

a - p 

2y - \l d r 1 

(464) 

r l 

Ce - 1 - IT 

(465) 

h r i 

e ya 

(466) 

Eccentricity, e, 

e -V s e 2 + c e 2 

(467) 
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cos E = 


(468) 


a 


r l 


a 


e 


x w = a (cos E - e) (469) 

x w 

cos v = — ( 470 ) 

V r , 2 - x 2 

sin v = (471) 

r l 


• r- -\/, 2 1 sin v 1 

sm E = Vl - e [ i + e cos v J 

(472) 

Time of perifocal passage, T 


(E - e sin E) 
*' k.V?~ 

(473) 

h x ■ »1 2 1 - z lVl 

(474) 

hy = - (Xjij - ZjXj) 

(475) 

h z = x iyi - *i*i 

(476) 

Longitude of ascending node, n 


h x 

tan a = -c— 

y 

(477) 
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Orbit inclination, i 


tan i 


Vh 2 + h 2 

x y 


( 478 ) 


tan u = 


- sin a cos i + y-^ cos n cos i + sin i 
x^ cos 3 + sin 3 


( 479 ) 


Augument of perigee, w 


w 


u - v 


( 480 ) 


APPENDIX S 

FLOWCHART SYMBOL DEFINITIONS 


Symbol 

Shape 





Definition 


Information 

Inside Symbol Example 


Start/stop 

statement 


Card 

input 

statement 


Printer 

output 

statement 


Assi gnment 
statement 


DO 

statement 


Decision or 
IF statements 


Start or stop 


Input i terns 


Output items 


One or more 
statements 


Repetition 

parameters 


True and false 
conditions 






Symbol 

Shape 



o 


Definition 


Unconditional 
transfer or GO 
TO statement 


Off-page 

connector 

label 


On-page 

connector 

label 


Information 
Inside Symbol 


Numerical 

statement 


Alphabetical 

letter 


Alphabetical 

letter 


Example 
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APPENDIX T 

ASSUMED VALUES OF GEOPHYSICAL CONSTANTS 


Constant 

Symbol 

Assumed 

Value 

FORTRAN 

Name 

Flatness coefficient 

f 

0.33528919 X 10~ 2 

FLAT 

Canonical unit of length 

CUL 

0.63781660 X 10 7 meters 


Earth radius 

e.r. 

0.10000000 X 10 CUL 

/ Q \ 

AE 

Gravitational constant of 
Earth 

k e 

-1 er 2 

0.74366728 X 10 1^4- / 

\ min./ 

XK 

Sum of masses 

y 

0.100000000 X 10 

XMU 

Rotation of Earth 

de 

dt 

0.43752691 X 10 -2 ( ra ^ ns ) 
\ min. / 

DTHETA 

Julian Date 
0S0 -III EPOCH 

J.D. 

0.24397835 X 10 ? 

TJD 

RELAY -I I EPOCH 


0.24398075 X 10 7 

TJD 

Canonical unit of time 

CUT 

0.13446874 X 10 2 min. 

- 


155 



INERTIAL VELOCITY VECTORS (CUL/CUT) 





NUMBER OF ITERATIONS 



INERTIAL VELOCITY VECTORS (CUL/CUT) 


□ 0 


-0.6712 -0.01880 0.5810- 


-0.01875 0.5808_E 




■ 0_Z DOT NOMINAL FROM REFERENCE ORBIT] 


-0.01870 0 . 5806 -*== 


mm 


-0.01865 0.5804- 


Q x ^ DOT NOMINAL FROM REFEREN CE. ORBIT- 

i=E^sp^;= < 1 program ^ Iteration limit^^PPP _ 

e = j . L _ | ■ p-i-i.j. i * ' ! ' - I — ~ ■ 25 


-0.01860 0.5802 _F — 


| PROGRAM FAILS BEY0N0=====E3 
f THIS POINT 15 


: □ Y DOT NOMINAL FROM REFERENCE ORBITj 10 


-0.01855 0.5800_ 


(DEGREES) 1 


TRUE ANOMALY ANGULAR DIFFERENCE OF r x * r 2 i.e., v 2 - 


Figure 3. Results of Lambert-Euler PODM for Relay-II Orbit 
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0.4528 
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0.4522 
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0.4518 



Figure 4. Results of F and G Series PODM for OSO-III Orbit 


NUMBER OF ITERATIONS 





inertial velocity vectors (CUL/CUT) 


X DOT 

o 

- 0,6718 


- 0.6716 

- 0.6714 

- 0.6712 


- 0.6710 

- 0.6708 


0.4526 


0.4524 


0.4522 


0.4518 



(DEGREES) 1 
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TRUE ANOMALY ANGULAR DIFFERENCE OF fj r 2 I.e., v 2 - 


1000 


Figure 6. Results of Iteration of Semiparameter PODM for OSO-III Orbit 


NUMBER OF ITERATIONS 


INERTIAL VELOCITY VECTORS (CUL/CUT) 


I 


X DOT 

O 

- 0.6712 

- 0.6710 

- 0.6708 

- 0.6706 

- 0.6704 

- 0.6702 



Figure 7. Results of Iteration of Semiparameter PODM for Relay-II Orbit 


NUMBER OF ITERATIONS 



□ Y DOT NOMINAL 


- 0.6708 



TRUE ANOMALY ANGULAR DIFFERENCE OF r x - r 2 i.e., v 2 - vj 


Figure 8. Results of Gaussian PODM for OSO-III Orbit 








INERTIAL VELOCITY VECTORS (CUL/CUT) 


X DOT 

O 

-0.6712 

-0.6710 

-0.6708 

-0.6706 

-0.6704 

-0.6702 


Y DOT Z DOT 

"a 0 


-0.01880 0.5810-==. 


-0.01875 0.5808 _ 


-0.01870 0.5806 JE 


-0.01865 0.5804 . 


-0.01860 0.5802 . 


-0.01855 0.5800 _ 



(DEGREES) 1 


10 100 
TRUE ANOMALY ANGULAR DIFFERENCE OF r : r 2 1 .e. , v 2 - vj 


1000 


Figure 9. Results of Gaussian PODM for Relay- 1 1 Orbit 
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Figure 10. Results of Iteration of True Anomaly P0DM for OSO-III Orbit 
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■ 0.01880 
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- 0.01865 


- 0.01860 
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Figure 11. Results of 



on of True Anomaly PODM for Relay-II Orbit 







Table 1 


. OSO-III Position and Velocity Orbit Data* 
Epoch 67Y 10M 20D 00H 00M OOS 


Data 

Point 

Position Vector 
(Canonical Units of Length) 

Time 

from 

Epoch 

(Minutes) 

Resultant Velocity Vector 

(Canonical Unit of Length Per Canonical Unit of Time) 

Change in 
True Anomaly 
from Data 
Point 1 
(Degrees) 

X 

Y 

Z 

X DOT 

Y DOT 

Z DOT 

1 

0.63397379 E00 

0.87714911 EOO 

-0.57285980 E-01 

0.42900000 E03 

-0.67128213 EOO 

0.45237915 EOO 

-0.51983933 EOO 

0 

2 

0.58274812 E00 

0.90885977 EOO 

-0.95773336 E-01 

0.43000000 E03 

-0.70685743 EOO 

0.40013314 EOO 

-0.51534094 EOO 

3.8 

3 

0.47289180 E00 

0.96034300 EOO 

-0.17136390 EOO 

0.43200000 E03 

-0.76862972 EOO 

0.29068616 EOO 

-0.49963709 EOO 

11.4 

4 

0.29327509 E00 

0.10061443 E01 

-0.27881096 EOO 

0.43500000 E03 

-0.83592404 EOO 

0.11781151 EOO 

-0.45992297 EOO 

22.8 

5 

-0.92932753 E-Ol 

0.97992039 EOO 

-0.45733638 EOO 

0.44100000 E03 

-0.87135390 EOO 

-0.23408489 EOO 

-0.32909258 EOO 

45.6 

6 

-0.46473516 EOO 

0.80288180 EOO 

-0.56523331 EOO 

0.44700000 E03 

-0.77289578 EOO 

-0.54884506 EOO 

-0.14805021 EOO 

68.4 

7 

-0.76519048 EOO 

0.50282255 EOO 

0.58621929 EOO 

0.45300000 E03 

-0.55646495 EOO 

-0.77864062 EOO 

0.55149247 E-01 

91.2 

8 

-0.94868622 EOO 

0.12595263 EOO 

-0.51737727 EOO 

; 0.45900000 E03 

-0.25549497 EOO 

-0.88905191 EOO 

0.24948641 EOO 

114.0 

9 

-0.98742402 EOO 

-0.27017428 EOO 

-0.36935944 EOO 

0.46500000 E03 

0.84194416 E-01 

-0.86372645 EOO 

0.40548748 EOO 

136.8 

10 

-0.62955513 EOO 

-0.88498102 EOO 

0.65285980 E-01 

0.47700000 E03 

0.67560492 EOO 

-0.44112696 EOO 

0.51698187 EOO 

180.0 

11 

0.76766608 EOO 

-0.49528024 EOO 

0.58396071 EOO 

0.50100000 E03 

0.55145966 EOO 

0.78482607 EOO 

-0.62454770 E-01 

270.0 


0.61361294 EOO 

0.89000851 EOO 

-0.77740021 E-01 

0.52500000 E03 

-0.68743522 EOO , 

0.42989298 EOO 

-0.51773733 EOO 

360.0 


♦From reference 3. 
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Table 2. Relay-II Position and Velocity Orbit Data* 





Epoch 

67Y 11M 

13D OOH OOM 

oos 








1 



Change in 



Position Vector 


Time 

| Resultant Velocity Vector 

True Anomaly 


(Cane 

mica! Units of lenq 

Lt_h) 

from 

(Canonical Unit of 

Length Per Canonical Unit of Time) 1 

from Data 


1 



Epoch 




Point 1 


X 

Y ! 

l 

(Minutes) 

X DOT 

Y DOT 

Z DOT 

(Degrees) 

1 

-0.62706086 E00 

0.13026303 E01 

-0.26788816 EOO 

0.66500000 E03 

-0.67069755 EOO 

-0.18565986 E-01 

0.58071281 EOO 

0 

2 

-0.67640560 E00 

0.13001240 E01 

-0.22446287 EOO 

0.66600000 E03 

-0.65562172 EOO 

-0.48674037 E-01 

0.58641873 EOO 

2.5 

3 

-0.72456249 E00 

0.12954130 E01 

-0.18069118 EOO 

0.66700000 E03 

-0.63983417 EOO 

-0.77927626 E-01 

0.59099381 EOO 

5.0 

4 

-0.81727365 E00 

0.12796195 E01 

-0.92290918 E-01 

0.66900000 E03 

-0.60637538 EOO 

-0.13383906 EOO 

0.53694559 EOO 

10.0 

5 

-0.98699837 E00 

1 0.12244558 E01 

0.85668977 E-01 

0.67300000 E03 

-0.53391142 EOO 

-0.23461233 EOO 

0.59733711 EOO 

21.0 

6 

-0.12588173 E01- 

0.10352957 E01 

0.43259412 EOO 

0.68100000 E03 

-0.37896284 EOO 

-0.39161701 EOO 

' 0.56220952 EOO 

40.0 

7 

-0.14383867 E01 

0.76921052 EOO 

0.74843089 EOO 

' 0.68900000 E03 

-0.22604802 EOO 

-0.49460573 EOO 

0.49560149 EOO 

60.0 

8 

-0.15150151 E01 

0.53705523 EOO 

0.95602583 EOO 

0.69500000 E03 

-0.11873926 EOO 

-0.54226741 EOO 

0.43373466 EOO 

72.0 

9 

-0.15435262 E01 

0.33061169 EOO 

0.11069735 E01 

0.70000000 E03 

-0.35627838 E-01 

-0.56593395 EOO 

0.37767977 EOO 

85.0 

10 

-0.15282029 E01 

-0.11262742 E-01 

0.13038324 E01 

0.70800000 E08 

0.84472657 E-01 

-0.57869376 EOO 

0.28350944 EOO 

105.0 

11 

0.89934644 E-01 

-0.17919032 E01 

0.10225903 E01 

0.76800000 E03 

0.49784070 EOO 

-0.75270923 E-01 

-0.37661014 EOO 

237.0 

12 

0.10671941 E01 

-0.13527369 E01 

-0.76826469 E-01 

0.79900000 E03 

0.27460969 EOO 

0.48148531 EOO 

-0.52859756 EOO 

290.0 

13 

-0.64038080 EOO 

0.13030522 E01 

-0.15192970 EOO 

0.86000000 E03 

-0.66588429 EOO 

-0.27532078 E-01 

0.58314165 EOO 

360.0 


*from reference 3. 
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Table 3. Results of Lambert-Euler PODM for OSO-III Orbit 


True Anomaly 

Computed 

Computed 

Computed 

Iterations 

Angular l)iffe^ence 

X Dot 

Y Dot 

Z Dot 

Required to 

of ri -*■ r2 

Reference Orbit X Dot 

Reference Orbit Y Dot 

Reference Orbit Z Dot 

Obtain an 

i .e. » \>2 - 

is -0.67128213 EO 

is 0.45237915 EO 

is -0.51983933 EO 

Epsilon (e) of 

(Degrees) 

(CUL/CUT) 

(CUL/CUT) 

(CUL/CUT) 

<10-10 

3.8 

-0.67081054 EO 

0.45235122 EO 

-0.51959007 EO 

7 

11.4 

-0.67103078 EO 

0.45243688 EO 

-0.51971812 EO 

7 

22.8 

-0.67130422 EO 

0.45244467 EO 

-0.51981342 EO 

7 

45.6 

-0.67165405 EO 

0.45226798 EO 

-0.51976476 EO 

8 

68.4 

-0.67164899 EO 

0.45215526 EO 

-0.51947102 EO 

7 

91.2 

-0.67080666 EO 

0.47883872 EO 

-0.52650669 EO 

8 

114.0 

-0.67166326 EO 

0.45243605 EO 

-0.51859662 EO 

7 

136.8 

-0.67198271 EO , 

0.45278865 EO 

-0.51775009 EO 

7 


Computer halted afte 

>r second iteration. 




0.65513605 EO 

-0.39298239 EO 

0.48590209 EO 

1=25* 


Computer halted afte 

:r six iterations. 



* Did not converge. 
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Table 4. Results of Lambert-Euler PODM for Relay-II Orbit 


True Anomaly 
Angular ^iffet^ence 
of ri -»■ r2 
i .e. , ^2 " v i 
(Degrees) 

Computed 
X Dot 

Reference Orbit X Dot 
is -0.67069755 EO 
(CUL/CUT) 

Computed 
Y Dot 

Reference Orbit Y Dot 
is -0.18565986 E-01 
(CUL/CUT) 

Computed 
Z Dot 

Reference Orbit Z Dot 
is 0.58071281 EO 
(CUL/CUT) 

Iterations 
Required to 
Obtain an 
Epsilon (e) of 
<lo-io 

2.5 

-0.67100717 EO 

-0.18597544 E-01 

0.58100110 EO 

15 

5.0 

-0.67073406 EO 

-0.18589597 E-01 

0.58076722 EO 

9 

10.0 

-0.67072314 EO 

-0.18613539 E-01 

0.58077790 EO 

15 

21.0 

-0.67063993 EO 

-0.18632342 E-01 

0.58072454 EO 

10 

40.0 

-0.67060216 EO 

-0.18680951 E-01 

0.58071562 EO 

9 

60.0 

-0.67058860 EO 

-0.18723884 E-01 

0.58070555 EO 

8 

72.0 

-0.67057670 EO 

-0.18726358 E-01 

0.58066965 EO 

14 

85.0 

-0.67057675 EO 

-0.18730622 E-01 

0.58064458 EO 

14 

105.00 

-0.67058715 EO 

-0.18733006 E-01 

0.58060167 EO 

8 

237.0 

Computer halted after two iterations. 

t 



290.0 

I 

Computer halted after two iterations. 



360.0 

1 

Computer halted after fifteen iterations. 

i 


1 , 




Table 5. Results of F and G Series PODM for OSO-III Orbit 


True Anomaly Computed ; Computed , Computed Iterations 


Angul ar^Di fference 
of rj ?2 
l.e., v 2 " v i 
(Degrees) 

X Dot 

Reference Orbit X Dot 
is -0.67128213 E0 
(CUL/CUT) 

Y Dot 

Reference Orbit Y Dot 
is 0.45237915 EO 
(CUL/CUT) 

Z Dot 

Reference Orbit Z Dot 
is -0.51983933 EO 
(CUL/CUT) 

Required to 
Obtain an 
Epsilon (e) of 

<10-10 

3.8 

-0.67081054 E0 

0.45235122 EO 

-0.51959007 EO 

3 

11.4 

-0.67103078 E0 

0.45243689 EO 

-0.51971812 EO 

4 

22.8 

-0.67130428 EO 

0.45244469 EO 

-0.51981347 EO 

5 

45.6 

-0.67165853 EO 

0.45226850 EO 

-0.51976718 EO 

10 

68.4 

0.45123977 EO 

-0.51913683 EO 

0.33426901 EO 

1=25* 

91.2 

0.23846019 El 

0.70582817 EO 

-0.23591702 El 

1=25* 

114.0 

Computer halted afte 

jr six iterations. 



136.8 

i 

Computer halted after three iterations. 

| 



180.0 

1 

Computer halted after one iteration. 

1 



270.0 

1 

Computer halted after one iteration. 

1 



360.0 

1 

Computer halted after two iterations. 

1 




*Did not converge. 
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Table 6. Results of F and G Series PODM for Relay-II Orbit 


True Anomaly 
Angular Qiffejjence 
of ri r2 
i .e. , - \>i 

(Degrees) 

Computed 
X Dot 

Reference Orbit X Dot 
is -0.67069755 E0 
(CUL/CUT) 

Computed 
Y Dot 

Reference Orbit Y Dot 
is -0.18565986 E-01 
(CUL/CUT) 

Computed 
Z Dot 

Reference Orbit Z Dot 
is 0.58071281 EO 
(CUL/CUT) 

Iterations 
Required to 
Obtain an 
Epsilon (e) of 

<10-10 

2.5 

-0.67100717 EO 

-0.18597544 E-01 

0.58100110 EO 

3 

5.0 

-0.67073406 EO 

-0.18589597 E-01 

0.58076722 EO 

3 

10.0 

-0.67072313 EO 

-0.18613540 E-01 

0.58077789 EO 

4 

21.0 

-0.67063956 EO 

-0.18632358 E-01 

0.58072423 EO 

5 

40.0 

-0.67058782 EO 

-0.18673756 E-01 

0.58069903 EO 

8 

60.0 

-0.67050862 EO 

-0.18611443 E-01 

0.58056860 EO 

13 

72.0 

-0.67043325 EO 

-0.18305457 E-01 

0.58028936 EO 

17 

85.0 

-0.19824139 E-01 

0.57848394 EO 

0.53834986 EO 

1=25* 

105.0 

-0.24107564 E-01 

0.57356778 EO 

0.43500250 EO 

1=25* 


237.0 Computer halted after four iterations. 

I 

290.0 Computer halted after one iteration. 

I 

360.0 Computer halted after one iteration. 


* Did not converge. 
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Table 7. Results of Iteration of Semiparameter PODM for OSO-III Orbit 


True Anomaly 
Angul ar^Di f fere nee 
of ri ■* r2 
i .e. , v 2 - vi 
(Degrees) 

Computed 
X Dot 

Reference Orbit X Dot 
is -0.67128213 E0 
(CUL/CUT) 

Computed 
Y Dot 

Reference Orbit Y Dot 
is 0.45237915 EO 
(CUL/CUT) 

Computed 
Z Dot 

Reference Orbit Z Dot 
is -0.51983933 EO 
(CUL/CUT) 

Iterations 
Required to 
Obtain an 
Epsilon (e) of 
<10-10 

3.8 

-0.67081054 EO 

0.45235122 EO 

-0.51959007 EO 

14 

11.4 

-0.67103078 EO 

0.45243688 EO 

-0.51971812 EO 

20 

22.8 

-0.67130422 EO 

0.45244466 EO 

-0.51981342 EO 

10 

45.6 

-0.67165405 EO 

0.45226799 EO 

-0.51976476 EO 

16 

68.4 

-0.67164899 EO 

0.45215526 EO 

-0.51947102 EO 

7 

91.2 

-0.67080666 EO 

0.47883870 EO 

0.52650669 EO 

8 

114.0 

-0.67166326 EO 

0.45243607 EO 

-0.51859662 EO 

9 

136.8 

-0.67198271 EO 

0.45278865 EO 

-0.51775009 EO 

8 

180.0 

Computer halted afte 

l 

sr one iteration. 

I 



270.0 

Computer halted after two iterations. 

1 



360.0 

1 

Computer halted after two iterations. 
l 
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Table 8. Results of Iteration of Semi parameter PODM for Relay-II Orbit 


True Anomaly 
Angul ar^Di fference 
of ri -*■ ?2 
i .e. , V2 - vi 
(Degrees) 

Computed 
X Dot 

Reference Orbit X Dot 
is -0.67069755 E0 
(CUL/CUT) 

Computed 
Y Dot 

Reference Orbit Y Dot 
is -0.18565986 E-01 
(CUL/CUT) 

Computed 
Z Dot 

Reference Orbit Z Dot 
is 0.58071281 EO 
(CUL/CUT) 

Iterations 
Required to 
Obtain an 
Epsilon (e) of 

<10-10 

2.5 

-0.67100717 E0 

-0.18597543 E-01 

0.58100110 EO 

15 

5.0 

; -0.67073406 E0 

-0.18589597 E-01 

0.58076722 EO 

9 

10.0 

-0.67072314 E0 

-0.18613537 E-01 

0.58077790 EO 

8 

21.0 

-0.67063993 E0 

-0.18632343 E-01 

0.58072454 EO 

9 

40.0 

-0.67060216 E0 

-0.18680947 E-01 

0.58071562 EO 

7 

60.0 

-0.67058860 E0 

-0.18723889 E-01 

0.58070555 EO 

11 

72.0 

-0.67057669 EO 

-0.18726365 E-01 

1 0.58066965 EO 

11 

85.0 

-0.67057675 EO 

-0.18730629 E-01 

0.58064458 EO 

8 

105.0 

-0.67058717 EO 

-0.18732987 E-01 

0.58060167 EO 

10 


237.0 Computer halted after five iterations. 

1 

290.0 Computer halted after two iterations. 

l 

Computer halted after two iterations. 
1 


360.0 
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Table 9. Results of Gaussian PODM for OSO-III Orbit 


1 

True Anomaly 

Computed 

Computed 

Computed 

Iterations 

Angul ar ^Di ffqrence 

X Dot 

Y Dot 

Z Dot 

Required to 

of ri + V 2 

Reference Orbit X Dot 

Reference Orbit Y Dot 

Reference Orbit Z Dot 

Obtain an 

i .e. , V2 - vi 

is -0.67128213 EO 

is 0.45237915 EO 

is -0.51983933 EO 

Epsilon (e) of 

(Degrees) 

■ (CUL/CUT) 

(CUL/CUT) 

(CUL/CUT) 

<10-10 

3.8 

-0.67081054 EO 

0.45235122 EO 

-0.51959007 EO 

4 

11.4 

-0.67103078 EO 

0.45243688 EO 

-0.51971812 EO 

6 

22.8 

-0.67130423 EO 

0.45244466 EO 

-0.51981342 EO 

8 

45.6 

-0.91948458 EO 

-0.37633925 E01 

0.11297649 E01 

1=25* 

68.4 

-0.79344996 EO 

-0.83165543 E-02 

-0.38585390 EO 

1=25* 

91.2 

Computer halted duri 
1 

ing first iteration. 

1 



114.0 

Computer halted during first iteration. 

| 



136.8 

1 

Computer halted during first iteration. 

I 



180.0 

Computer halted during first iteration. 

i 



270.0 

1 

Computer halted during first iteration. 

| 



360.0 

1 

Computer halted during first iteration. 

L 



* Did not converge. 
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Table 10, Results of Gaussian PODM for Relay-II Orbit 


True Anomaly 
Angular Difference 
of r^ -* ?2 
i.e., v 2 - vj 
(Degrees) 

Computed 
X Dot 

Reference Orbit X Dot 
is -0.67069755 E0 
(CUL/CUT) 

Computed 
Y Dot 

Reference Orbit Y Dot 
is -0.18565986 E-01 
(CUL/CUT) 

Computed 
Z Dot 

Reference Orbit Z Dot 
is 0.58071281 EO 
(CUL/CUT) 

Iterations 
Required to 
Obtain an 
Epsilon ( e ) of 
<10-10 

2.5 

-0.67100717 E0 

-0.18597544 E-01 

0.58100110 EO 

3 ■' 

5.0 

-0.67073406 EO 

-0.18589598 E-01 

0.58076722 EO 

4 

10.0 

-0.67072314 EO 

-0.18613541 E-01 

0.58077790 EO 

6 

21.0 

-0.67063993 EO 

-0.18632347 E-01 

0.58072454 EO 

8 

40.0 

-0.67060215 EO 

-0.18680959 E-01 

0.58071562 EO 

i 

15 

60.0 

0.18744650 E-01 

-0.38893012 E-01 

0.79794763 E-02 

1=25* 

72.0 

0.29766430 E-01 

-0.61606750 E-01 

0.12576050 E-01 

1=25* 

85.0 

0.38514860 E-01 

-0.79439075 E-01 

0.16103859 E-01 

1=25* 

105.0 

Computer halted a ft< 

?r first iteration. 

1 



237.0 

1 

Computer halted during first iteration. 
| 


1 

290.0 

1 

Computer halted during first iteration. 

1 



360.0 

1 

Computer halted during first iteration. 
l 




* Did not converge. 
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Table 11. Results of Iteration of True Anomaly PODM for OSO-III Orbit 


True Anomaly 

Computed 

Computed 

Computed 

Iterations 

Angular Qiffe^ence 

X Dot 

Y Dot 

Z Dot 

Required to 

of n -*• r2 

Reference Orbit X Dot 

Reference Orbit Y Dot 

Reference Orbit Z Dot 

Obtain an 

i .e. , V2 - vj 

is -0.67128213 EO 

is 0.45237915 EO 

is -0.51983933 EO 

Epsilon (e) of 

(Degrees) 

(CUL/CUT) 

(CUL/CUT) 

(CUL/CUT) 

<10-10 

3.8 

-0.67081054 EO 

0.45235122 EO 

-0.51959007 EO 

15 

. 11.4 

-0.67103078 EO 

0.45243688 EO 

-0.51971812 EO 

12 

22.8 

-0.67130422 EO 

0.45244467 EO 

-0.51981342 EO 

10 

45.6 

-0.67165404 EO 

0.45226800 EO 

-0.51976476 EO 

10 

68.4 

-0.67164899 EO 

0.45215526 EO 

-0.51947102 EO 

8 

91.2 

-0.67744460 EO 

0.50667361 EO 

0.53936484 EO 

1=25* 

114.0 

-0.67166326 EO 

0.45243607 EO 

-0.51859662 EO 

8 

136.8 

-0.67198271 EO 

0.45278862 EO 

-0.51775008 EO 

7 

180.0 

-0.17226110 E01 

0.11138352 E01 

-0.19506859 E01 

1=25* 

270.0 

0.12672460 EO 

-0.85052773 E-01 

0.97780343 E-01 

1=25* 

360.0 

Computer halted afte 
1 

ir six iterations. 

I 



* Did not converge. 
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Table 12. Results of Iteration of True Anomaly PODM for Relay-II Orbit 


True Anomaly 
Angular Difference 
of ri ■+ V 2 
i .e. , V 2 - vj 
(Degrees) 

Computed 
X Dot 

Reference Orbit X Dot 
is -0.67069755 E0 
(CUL/CUT) 

Computed 
Y Dot 

Reference Orbit Y Dot 
is -0.18565986 E-01 
(CUL/CUT) 

Computed 
Z Dot 

Reference Orbit Z Dot 
is 0.58071281 EO 
(CUL/CUT) 

Iterations 
Required to 
Obtain an 
Epsilon (e) of 

<io-io 

2 . 5 

| -0.67100717 EO 

-0.18597543 E-01 

0.58100110 EO 

14 

5.0 

-0.67073406 EO 

-0.18589597 E-01 

1 0.58076722 EO 

19 

10.0 

-0.67072314 EO 

-0.18613537 E-01 

0.58077790 EO 

13 

21.0 

-0.67063993 EO 

-0.18632342 E-01 

0.58072454 EO 

14 

40.0 

-0.67060216 EO 

-0.18680947 E-01 

0.58071562 EO 

12 

60.0 

-0.67058860 EO 

! -0.18723889 E-01 

0.58070555 EO 

10 

72.0 

-0.67057669 EO 

-0.18726361 E-01 

0.58066965 EO 

1=25* 

i 85.0 

-0.67057675 EO 

-0.18730629 E-01 

0.58064458 EO 

10 

105.0 

-0.67058716 EO 

-0.18732997 E-01 

0.58060167 EO 

9 

237.0 

-0.46843289 E-01 

-0.32805744 E-02 

0.41666293 E-01 

1=25* 

290.0 

i 

Computer halted after two iterations. 

| 



360.0 

1 

Computer halted after four iterations. 




1 


*Did not converge. 
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Table 13. Position and Time PODM Classical Orbital Element Comparisons - Semimajor Axis 


True Anomaly 
Angular 
Difference 

of $ 2 . 

i .e. , - vj 

(Degrees) 

Nominal 
Semi major 
Axis from 
Reference 
Orbit 

(Earth Radii) 

Gaussian 

PODM 

V 

F and G 
Series 
PODM 

Iteration 

of 

True Anomaly 
PODM 

Iteration 

of 

Semi parameter 
PODM 

Lambert-Euler 

PODM 

OSO-III 

1.0866609 






3.8 


1.0860143 

1.0860143 

1.0860143 

1.0860143 

1.0860143 

11.4 


1.0866115 

1.0866115 

. 1.0866115 

1.0866115 

1.0866115 

22.8 


1.0871705 

1.0871707 

1.0871705 

1.0871707 

1.0871705 

45.6 


No data 

1.0874878 

1.0874771 

1.0874771 

1.0874771 

68.4 


0.93732551 

0.79332067 

1.0869877 

1.0869877 

1.0869877 

91.2 


No data 

No data 

1.1921556 

1.1249820 

1.1249820 

114.0 


No data 

No data 

1.0862386 

1.0862386 

1.0862385 

136.8 


No data 

No data 

1.0860864 

1.0860865 

1.0860865 

180.0 


No data 

No data 

No data 

No data 

No data 

270.0 


No data 

No data 

0.55171611 

No data 

0.97499981 

360.0 


No data 

No data 

No data 

No data 

No data 

RELAY- II 

1.7448736 


! 




2.5 


1.7479539 

1.7479539 

1.7479539 

1.7479539 

1.7479539 

5.0 


1.7460054 

1.7460054 

1.7460054 

1.7460054 

1.7460054 

10.0 


1.7460013 

1.7460012 

1.7460013 

1.7460013 

1.7460013 

21.0 


I .7454744 

1.7454718 

1.7454744 

1.7454744 

1.7454744 

40.0 


1.7452940 

1.7451760 

1.7452940 

1.7452940 

1.7452940 

60.0 


No data 

1.7443844 

1.7452079 

1.7452079 

1.7452079 

72.0 


0.73778052 

1.7430571 

1.7450325 

1.7450325 

1.7450326 

85.0 


0.73953397 

1.3598060 

1.7449446 

1.7449446 

1.7449446 

105.0 


No data 

1.1883995 

1.7448357 

1.7448357 

1.7448357 

237.0 


No data 

No data 

0.73729180 

No data 

No data 

290.0 


No data 

No data 

No data 

No data 

No data 

360.0 


No data 

No data 

No data 

No data 

No data 

No data indicates program failed in computing these values. 
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Table 14. Position and Time PODM Classical Orbital Element Comparisons - Eccentricity 


True Anomaly 
Angular 
Difference 
of t*2 

i.e., v 2 - v x 
(Degrees) 

Nominal 

Eccentricity 

from 

Reference 
Orbi t 

Gaussi an 
PODM 

F and G 
Series 
PODM 

Iteration 

of 

True Anomaly 
PODM 

Iteration 

of 

Semi parameter 
PODM 

Lambert-Euier 

PODM 

OSO-III 

0.0021640595 






3.8 


0.0023845575 

0.0023845584 

0.0023845588 

0.0023845579 

0.0023845587 

11.4 


0.0028469817 

0.0028469864 

0.0028469841 

0.0028469843 

0.0028469841 

22.8 


0.0032708105 

0.0032709635 

0.0032708124 

0.0032708120 

0.0032708124 

45.6 


No data 

0.0034625667 

0.0034533924 

0.0034533867 

0.0034533750 

68.4 


0.52792947 

0.42286780 

0.0029925489 

0.0029925485 

0.0029925490 

91.2 


No data 

No data 

0.092067645 

0.049560352 

0.049560354 

114.0 


No data 

No data 

0.0023672168 

0.0023672094 

0.0023671832 

136.8 


No data 

No data 

0.0022529044 

0.0022529505 

0.0022529528 

180.0 


No data 

No data 

No data 

No data 

No data 

270.0 


No data 

No data 

0.96439317 

No data 

0.11970044 

360.0 


No data 

No data 

No data 

No data 

No data 

RELAY- I I 

0.24114781 



! 



2.5 


0.24171947 

0.24171947 

0.24171947 

0.24171947 

0.24171947 

5.0 


0.24112427 

0.24112427 

0.24112427 

0.24112427 

0.24112427 

10.0 


0.24109974 

0.24109972 

0.24109974 

0.24109974 

0.24109974 

21.0 


0.24091843 

0.24091762 

0.24091843 

0.24091843 

0.24091843 

40.0 


0.24082014 

0.24079030 

0.24082016 

0.24082016 

0.24082016 

60.0 


No data 

0.24060980 

0.24076101 

0.24076101 

0.24076102 

72.0 


0.99999997 

0.2404882 

0.24071194 

0.24071194 

0.24071196 

85.0 


0.99999982 

0.53935368 

0.24068833 

0.24068833 

0.24068834 

105.0 


No data 

0.63807485 

0.24066680 

0.24066682 

0.2406678 

237.0 


No data 

No data 

0.99433781 

No data 

No data 

290.0 


No data 

No data 

No data 

No data 

No data 

360.0 

J. - - ■ 

No data 

No data 

No data 

No data 

No data 


No data indicates program failed in computing these values. 
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Table 15. Position and Time PODM Classical Orbital Element Comparisons - Longitude of Ascending Node 

| : " 7 

Nominal 



No data indicates program failed in computing these values. 
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Table 16. Position and Time PODM Classical Orbital Element Comparisons - Orbital Inclination 


True Anomaly 
Angular 
Difference 
of r i -* r2 
i .e. , vj - v]_ 
(Degrees) 

Nominal 
Orbital 
Incl ination 
from 

Reference 
Orbi t 
(Radians) 

Gaussian 

PODM 

F and G 
Series 
PODM 

Iteration 

of 

True Anomaly 
PODM 

Iteration 

of 

Semi parameter 
PODM 

Lambert-Euler 

PODM 

OSO-III 

0.57356194 






3.8 


0.57386440 

0.57386440 

0.57386440 

0.57386440 

0.57386440 

11.4 


0.57385039 

0.57385039 

0.57385039 

0.57385039 

0.57385039 

22.8 


0.57381367 

0.57381367 

0.57381367 

0.57381367 

0.57381367 

45.6 


No data 

0.57368666 

0.57368666 

0.57368666 

0.57368666 

68.4 


0.57347473 

2.6863359 

0.57347473 

0.57347473 

0.57347473 

91.2 


No data 

No data 

0.56982104 

0.56982104 

0.56982104 

114.0 


No data 

No data 

0.57260595 

0.57260595 

0.57260595 

136.8 


No data 

No data 

0.57160489 

0.57160489 

0.57160489 

180.0 


No data 

No data 

No data 

No data 

No data 

270.0 


No data 

No data 

2.5686864 

, No data 

2.5686864 

360.0 


No data 

No data 

No data 

No data 

No data 

RELAY -I I 

0.80848228 






2.5 


0.80872844 

0.80872844 

0.80872844 

0.80872844 

0.80872844 

5.0 


0.80873061 

0.80873061 

0.80873061 

0.80873061 

0.80873061 

10.0 


0.80873462 

0.80873462 

0.80873462 

0.80873462 

0.80873462 

21.0 


0.80873900 

0.80873900 

0.80873900 

0.80873900 

0.80873900 

40.0 


0.80873386 

0.80873386 

0.80873386 

, 0.80873386 

0.80873386 

60.0 


No data 

0.80871476 

0.80871476 

0.80871476 

0.80871476 

72.0 


2.3328988 

0.80869383 

0.80869383 

0.80869383 

0.80869383 

85.0 


2.3329201 

, 1.9210250 

0.80867257 

0.80867257 

0.80867257 

105.0 


No data 

' 1.9725943 

0.80863180 

0.80863180 

0.80863180 

237.0 


No data 

No data 

0.80753039 

No data 

No data 

290.0 


No data 

No data 

No data 

! No data 

No data 

360.0 


No data 

No data 

No data 

No data 

No data 


No data indicates program failed in computing these values. 
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Table 17. Position and Time PODM Classical Orbital Element Comparisons - Nominal Argument of Perigee 


True Anomaly 
Angular 
Difference 
of ri* r 2 
i .e. , - vj 

(Degrees) 

Nominal 
Argument 
of Perigee 
from 

Reference 

Orbit 

(Radians) 

Gaussian 

PODM 

F and G 
Series 
PODM 

Iteration 

of 

True Anomaly 
PODM 

Iteration 

of 

Semi parameter 
PODM 

Lambert-Euler 

PODM 

OSO-III 

-3.4856807 






3.8 


-3.5809687 

-3.5809693 

-3.5809695 

-3.5809689 

-3.5809694 

11.4 


-3.4656506 

-3.4656515 

-3.4656518 

-3.4656519 

-3.4656518 

22.8 


-3.3580944 

-3.3580766 

-3.3580952 

-3.3580950 

-3.3580952 

45.6 


No data 

-3.2308644 

-3.2320094 

-3.2320072 

-3.2320031 

68.4 


-5.4079583 

-2.9238213 

-3.2244081 

-3.2244080 

-3.2244081 

91.2 


No data 

No data 

-2.7283392 

-0.87159489 

-0.87159441 

114.0 


No data 

No data 

-3.3514835 

-3.3514834 

-3.3514790 

136.8 


No data 

No data 

-3.3938025 

-3.3938061 

-3.3938062 

180.0 


No data 

No data 

No data 

No data 

No data 

270.0 


No data 

No data 

-3.2392317 

No data 

-2.9099143 

360.0 


No data 

No data 

No data 

No data 

No data 

RELAY- II 

-1.3234053 






2.5 


-1.3088962 

-1.3088962 

-1.3088962 

-1.3088962 

-1.3088962 

5.0 


-1.3118151 

-1.3118151 

-1.3118151 

-1.3118151 

-1.3118151 

10.0 


-1.3117024 

-1.3117024 

-1.3117024 

-1.3117024 

-1.3117024 

21.0 


-1.3123907 

-1.3123945 

-1.3123907 

-1.3123907 

-1.3123907 

40.0 


-1.3124450 

-1.3126543 

-1.3124450 

-1.3124450 

-1.3124450 

60.0 


No data 

-1.3141631 

-1.3124132 

-1.3124132 

-1.3124132 

72.0 


-6.0285606 

-1.3176087 

-1.3127055 

-1.3127055 

-1.3127055 

85.0 


-6.0285203 

-2.4581196 

-1.3128599 

-1.3128599 

-1.3128599 

105.0 


No data 

-2.7249224 

-1.3130937 

-1.3130937 

-1.3130937 

237.0 


No data 

No data 

-3.3956230 

No data 

No data 

290.0 


No data 

No data 

No data 

No data 

No data 

360.0 

i_ 

No data 

No data 

No data 

No data 

No data 

No data indicates program failed in computing these values. 
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Table 18. Computer Core Requirements 


PODM 

No. of 24-Bit 
Words Required 

Lambert-Euler 

3352 

F and G Series 

4649 

Iteration of Semi parameter 

3479 

Gaussian 

3308 

Iteration of True Anomaly 

3406 

Method of Gauss 

5254 

Laplace 

4470 

Double R-Iteration 

4919 

Modified Laplacian 

3981 

R-Iteration 

4458 

Trilateration 

4231 

Herrick-Gibbs 

3525 

Computation for Range, Range 
Rate, and Angle Data 

2731 
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Table 19. PODM Computation Time 


PODM 

Total Time for 
Program with 
One Iteration 
(Milliseconds) 

Total Time 

Without 

"Solution for 

Classical 

Elements" 

(Milliseconds) 

Time for 
Each Additional 
Iteration 
(Milliseconds) 

Position and Time 




F and G Series 

21 

15 

8 

Gaussian 

17 

11 

5 

Iteration of 
Semi parameter 

16.5 

10.5 

6 

Iteration of the 
T rue Anomaly 

16.5 

10.5 

6 

Lambert-Euler 

16 

]0 

5 

Angles Only 




Laplace 

19 

13 

5 

Double R-lteration 

19 

13 

9 

Method of Gauss (1) 

26 

16 

5 & 8 

Mixed Data 




Herrick-Gibbs 

13 

7 

— 

R-lteration 

20 

14 

8 

Modified Laplacian 

17 

11 

5 

Triateration 

17 

11 

5 

(1) Method of Gauss has 

two iteration loops 
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Table 20. Ease of Convergence 


PODM 

Average Number of Iterations Required 


OSO-III 

Relay-ll 

Combined 

Average 

Lambert-Euler 

7 

11 

9 

F and G Series 

6 

8 

7 

Gaussian 

9 

7 

8 

Iteration of Semiparameter 

12 

10 

11 

Iteration of True Anomaly 

10 

14 

12 


Table 21. Best Overall Results for Radius Vector Spread 


Range of Radius Vector Spread 

PODM 

0 0 < v < 45° 
45° < v < 140° 

F and G Series 
Gaussian 
Lambert-Euler 
Iteration of True Anomaly 
Iteration of Semiparameter 


Table 22. Order of Selection for Optimum PODM 



Computation 

Time 

Ease of 
Convergence 

Best Overall 
Accuracy 

Lambert-Euler 

1 

1-2 

1-2 

Iteration of Semiparameter 

2-3 

3-4 

1-2 

Iteration of True Anomaly 

2-3 

3-4 

3 

Gaussian 

4 

1-2 

5 

F and G Series 

5 

5 

4 
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Table 23. OSO-III Range/Range Rate and Angular Data 
(Topocentric Coordinate System) 

Epoch 67Y 10M 20D 00H 00M 00S 


Data 

Point 

Range 

(CUL) 

Range 

Rate 

• 

p 

(CUL/CUT) 

Declination 

6 

(Radians) 

Right 

Ascension 

a 

(Radians) 

Time from 
Epoch 

(Minutes) 

Station 

Name 

1 

0.11634686 EO 

-0.45635762 E-2 

-0.62507848 EO 

0.44485366 EO 

0.42900000 E3 

Qui to 

1 

0.19238541 EO 

-0.67367391 EO 

0.85750708 EO 

0.36812866 EO 

0.42900000 E3 

Lima 

1 

0.57151514 EO 

-0.65374571 EO 

0.10182674 El 

0.41054875 EO 

0.42900000 E3 

Santiago 

2 

0.13288929 EO 

0.42086265 EO 

-0.93053247 EO 

0.10773335 El 

0.43000000 E3 

Quito 

2 

0.14805040 EO 

-0.49604487 EO 

0.80771167 EO 

0.81921376 EO 

0.43000000 E3 

Lima 

2 

0.52415134 EO 

-0.61897421 EO 

0.10249512 El 

0.58326064 EO 

0.43000000 E3 

Santiago 

3 

0.22583837 EO 

0.74340715 EO 

-0.93836480 EO 

0.20783978 El 

0.43200000 E3 

Qui to 

3 

0.12994566 EO 

0.30464432 EO 

0.24410711 EO 

0.18328840 El 

0.43200000 E3 

Lima 

3 

0.43970803 EO 

-0.50531992 EO 

0.10101581 El 

0.10121787 El 

0.43200000 E3 

Santiago 

4 

0.40313098 EO 

0.81886282 EO 

-0.80148994 EO 

0.25539242 El 

0.43500000 E3 

Quito 

4 

0.26871481 EO 

0.77208888 EO 

-0.28689805 EO 

0.24667446 El 

0.43500000 E3 

Lima 

4 

0.36009344 EO 

-0.17300730 EO 

0.82681412 EO 

0.17591614 El 

0.43500000 E3 

Santiago 

5 

0.76749498 EO 

0.79928922 EO 

-0.65599498 EO 

0.29501521 El 

0.44100000 E3 

Qui to 

5 

0.63169893 EO 

0.81632973 EO 

-0.41477732 EO 

0.29287723 El : 

0.44100000 E3 

Lima 

5 

0.46777177 EO 

0.55520424 EO 

0.18582274 EO 

0.26801299 El 

0.44100000 E3 

Santi ago 

6 

0.76352988 EO 

0.71594029 EO 

-0.28127920 E-l 

0.31159661 El 

0.44700000 E3 

Santiago 

6 

0.74785942 EO 

-0.80054013 EO 

-0.17638387 EO 

0.97278986 EO 

0.44700000 E3 

Johannesburg 

6 

0.10629221 El 

-0.74142968 EO 

-0.22924942 EO 

0.10951673 El 

0.44700000 E3 

Madagascar 

7 

0.10793174 El 

-0.23126828 EO 

0.12383610 El 

0.12266098 El 

0.45300000 E3 

Johannesburg 

7 

1 

0.11280901 El 

-0.45427354 EO 

0.93836178 EO 

0.13128296 El 

0.45300000 E3 

Madagascar 

8 

0.10531220 EO 

0.11922778 EO 

-0.91352007 EO 

-0.27920773 El 

0.45900000 E3 

Johannesburg 

8 

0.35115898 EO 

-0.81909318 EO 

-0.58424762 EO 

0.16303254 El 

0.45900000 E3 

Madagascar 







186 


Table 23. OSO-III Range/Range Rate and Angular Data 
(Topocentric Coordinate System) 

Epoch 67Y 10M 20D 00H 00M OOS (Cont'd) 


Data 

Point 

Range 

(CUL) 

Range 

Rate 

p 

(CUL/CUT) 

Declination 

6 

(Radians) 

Right 
Ascension 
: a 

(Radians) 

Time from 
Epoch 

(Minutes) 

Station 

Name 

9 

0.41131892 EO 

0.82112059 EO 

0.15782305 EO 

-0.18084010 El 

0.46500000 E3 

Johannesburg 

9 

0.10993237 EO 

0.37522557 EO 

-0.42843954 EO 

-0.22250441 El 

0.46500000 E3 

Madagascar 

10 

0.11169323 El 

0.72873755 EO 

0.46343195 EO 

-0.12996834 El 

0.47700000 E3 

Johannesburg 

10 

0.80621682 EO 

j 0.79408998 EO 

0.50347015 EO 

-0.11542474 El 

0.47700000 E3 

Madagascar 

• 10 

! 0.11916632 El 

-0.18574710 EO 

! 0.57157446 EO 

-0.29859676 El 

0.47700000 E3 

Orroral 

1 12 

0.47239474 EO 

' -0.59420234 EO 

: -0.18853377 EO 

-0.21196418 EO 

0.52500000 E3 

Quito 

12 

0.50359872 EO 

i -0.79805117 EO 

■ 0.25089801 EO 

-0.16507695 EO 

0.52500000 E3 

Lima 

12 

0.75736078 EO 

-0.79022343 EO 

I 

0.66279248 EO 

1 

0.87279491 E-l 

i 

0.52500000 E3 

Santiago 


I 

: 


i 
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Table 24. Relay-II Range/Range Rate and Angular Data 
(Topocentric Coordinate System) 

Epoch 67Y 11M 13D 00H 00M 00S 


Data 

Point 

Range 

(CUL) 

Range 

Rate 

P 

(CUL/CUT) 

Declination 

6 

(Radians) 

Right 

Ascension 

a 

(Radians ) 

Time from 
Epoch 

(Minutes) 

Station 

Name 

1 

0.89888122 EO 

0.14301893 EO 

0.31193977 EO 

0.14776794 El 

0.66500000 E3 

Santiago 

1 

0.70207264 EO 

-0.14905871 EO 

-0.92884152 E-l 

0.13783888 El 

0.66500000 E3 

Lima 

1 

0.72304980 EO 

-0.31760081 EO 

-0.39567188 EO 

0.13681167 El 

0.66500000 E3 

Quito ■ 

2 

0.91079344 EO 

0.17681771 EO 

0.35817955 EO 

0.15330759 El 

0.66600000 E3 

Santiago 

2 

0.69280362 EO 

-0.99906213 E-l 

-0.31316161 E-l 

0.14447979 El 

0.66600000 E3 

Lima 

2 

0.70088515 EO 

' -0.27766471 EO 

-0.34230491 EO 

0.14374326 El 

0.66600000 E3 

Qui to 

3 

0.92511571 EO 

0.20802940 EO 

0.40330177 EO 

0.15872940 El 

0.66700000 E3 

Santiago 

3 

0.68722148 EO 

-0.50294936 E-l 

0.32133870 E-l 

0.15102860 El 

0.66700000 E3 

Lima 

3 

0.68181821 EO 

-0.23487703 EO 

-0.28467688 EO 

0.15058797 El 

0.66700000 E3 

Quito 

4 

0.96023887 EO 

0.26243882 EO 

0.48947537 EO 

0.16924963 El 

0.66900000 E3 

Santiago 

4 

0.68703725. EO 

0.47002459 E-l 

0.16150698 EO 

0.16384893 El 

0.66900000 E3 

Lima 

4, 

0.65366838 EO 

-0.14232829 EO 

-0.15836583 EO 

0.16400535 El 

0.66900000. E3 

Quito 

5 

0.64019751 EO 

0.50475988 E-l 

0.11722174 EO 

0.18964100 El 

0.67300000 E3 

Quito 

5 

0.72696304 EO 

0.21314890 EO 

0.40799880 EO 

0.18833043 El 

■ 0.67300000 E3 

Lima 

5 

0.79087014 EO 

-0.22489191 EO 

-0.47058734 EO 

0.20403390 El 

0.67300000 E3 

Ft. Myers 

( 

-6 ■ 

0-. 76057235 EO 

0.31746370 EO 

0.58785855 EO 

0.23705836 El 

0.68100000 E3 

Quito 

6 

0.91466433 EO 

0.38498172 EO 

0.76792261 EO 

0.23382376 El ■ 

' 0.68100000 E3 

Lima 

6 

0.73482427 EO 

0.37758981 E-l 

-0.15872731 E-l 

0.24594815 El 

0.68100000 E3 

Ft. Myers 

7 

0.98056431 EO 

0.40079706 EO 

0.85147922 EO 

0.28211775 El 

0.68900000 E3 

Quito 

7 

0.11581804 El 

0.41989126 EO 

0.96366759 EO 

0.27765901 El 

0.68900000 E3 

Lima 

7 

0.82155313 EO 

0.23363976 EO 

0.37926968 EO 

0.28470387 El 

0.68900000 E3 

Ft. Myers 



0.94366490 E0 
0.98530497 EO 
0.14629012 El 

0.10622621 El 
0.98419844 EO 
0.13977209 El 

0.12613358 El 
0.10284237 El 
0.13111786 El 


Table 24. Relay- I I Range/Range Rate and Angular Data 
(Topocentric Coordinate System) 

Epoch 67Y 11M 13D OOH 00M 00S (Cont'd) 


e 

Range 

Rate 

Declination 

Right 

Ascension 


• 

p 

6 

a 

) 

(CUL/CUT) 

(Radians) 

(Radians ) 


0.30450685 EO 
-0.37367764 E-l 
-0.18644757 EO 

0.32951433 EO 
-0.29869375 E-l 
-0.16398231 EO 

0.33464199 EO 
0.11327257 EO 
-0.12686322 EO 


0.57319622 EO 
0.22465771 EO 
0.12172679 EO 

0.67368809 EO 
0.38590132 EO 
0.23730549 EO 

0.74978306 EO 
0.58431282 EO 
0.41232413 EO 


0.31312779 El 
0.26491460 El 
0.24023389 El 

-0.29201484 El 
0.28497676 El 
0.25287457 El 

-0.25714658 El 
-0.30762094 El 
0.27536675 El 


Time from 
Epoch 

(Minutes) 


0.69500000 E3 
0.69500000 E3 
0.69500000 E3 

0.70000000 E3 
0.70000000 E3 
0.70000000 E3 

0.70800000 E3 
0.70800000 E3 
0.70800000 E3 


Station 

Name 


Ft. Myers 

Newfoundland 

Winkfield 

Ft. Myers 

Newfoundland 

Winkfield 

Ft. Myers 

Newfoundland 

Winkfield 


0.17091122 El 
0.16446661 El 


-0.26426344 EO 
-0.32404875 EO 


0.10202773 El 
0.95892110 EO 


-0.14992882 El 
-0.18418508 El 


0.76800000 E3 
0.76800000 E3 


Johannesburg 

Madagascar 


0.20003376 El -0.48310473 EO 0.25394107 EO -0.13362718 El 0.79900000 E3 Orroral 


0.15747209 El 
0.15069416 El 
0.15144226 El 


0.56274620 E-l 
-0.13631837 EO 
-0.22774245 EO 


0.18575302 EO 
-0.33291602 E-l 
-0.17503491 EO 


0.14646764 El 
0.13537631 El 
0.13343712 El 


0.86000000 E3 
0.86000000 E3 
0.86000000 E3 


Santiago 

Lima 

Quito 
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Table 25. 


OSO-III Data Points and Stations Used 
for POOIs Requiring Angular 
and Mixed Data Inputs 


Data 

Points 

Used 

Station for 
Three-Station 
Inputs 

Station for 
Single-Station 
Input 

Three Stations with 
Input Resolved to 
Single Time Input 

Data 

Point 

Station 

1 

Qui to 

Qui to 

1 

Santiago 

2 

Lima 

Qui to 

1 

Lima 

3 

Santiago 

Quito 

1 

Quito 

1 

Quito 

Qui to 

2 

Santiago 

2 

Lima 

Qui to 

2 

Lima 

4 

Santiago 

Quito 

2 

Quito 

1 

Quito 

Qui to 

3 

Santiago 

2 

Lima 

Qui to 

3 

Lima 

5 

Santiago 

Quito 

3 

Qui to 

1 

Quito 

Quito 

4 

Santiago 

3 

Lima 

Quito 

4 

Lima 

5 

Santiago 

Quito 

4 

Quito 

1 

Qui to 

Quito 

5 

Santiago 

4 

Lima 

Quito 

5 

Lima 

5 

Santiago 

Qui to 

5 

Quito 

6 

Santiago 

Johannesburg 

6 

Santiago 

7 

Johannesburg 

Johannesburg 

6 

Johannesburg 

8 

Madagascar 

Johannesburg 

6 

Madagascar 

6 

Santiago 

Johannesburg 

10 

Johannesburg 

7 

Johannesburg 

Johannesburg 

10 

Madagascar 

9 

Madagascar 

Johannesburg 

10 

Orroral 

6 

Santiago 

Johannesburg 

12 

Santiago 

7 

Johannesburg 

Johannesburg 

12 

Lima 

10 

Madagascar 

Johannesburg 

12 

Quito 

6 

Santiago 

Johannesburg 

N/A 

N/A 

8 

Johannesburg 

Johannesburg 

N/A 

N/A 

9 

Madagascar 

Johannesburg 

N/A 

N/A 
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Table 25 . ' OSO-III Data Points and Stations Used 
for PODMs Requiring Angular 
and Mixed Data Inputs (Cont'd) 


Data 

Station' for 

Station for 

Three Stations with 

Points 

Three-Station 

Single-Station 

Input Resolved to 

Used 

Inputs 

Input 

Single Time Input 




Data 

Station 




Point 


6 

Santiago 

Johannesburg 

N/A 

N/A 

9 

. Johannesburg 

Johannesburg 

N/A 

N/A 

10 

Madagascar 

Johannesburg 

N/A 

N/A 

1 

Quito 

Quito 

N/A 

N/A 

2 

Lima 

Quito 

N/A 

N/A 

12 

Santiago 

Quito • ■ 

N/A 

N/A 

1 

Qui to 

Quito ■ 

N/A ' 

N/A 

5 

Lima 

Quito - 

N/A 

N/A 

12 

Santiago 

Quito " 

N/A 

N/A 
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Table 26. Relay- I I Data Points and Stations' Used for 
PODMs Requiring Angular and 
Mixed Data Inputs 


Data 

Station for 

Station for 

Three Stations with 

Points 

Three-Station 

Single-Station 

Input Resolved to 

Used 

Inputs 

Input 

Single 

Time Input 




Data 

Point 

Station 

1 

Santiago 

Quito 

1 

Santiago 

2 

Lima 

Quito 

1 

Lima 

3 

Qui to 

Quito 

1 

Quito : 

1 

Santiago 

Quito 

2 

Santiago 

2 

Lima 

Quito 

2 

Lima 

4 

Quito 

Quito 

2 

• Quito 

1 

Santiago 

Quito 

3 

Santiago 

2 

Lima 

Quito 

3 

Lima 

5 

Qui to 

Quito 

3 

Quito 

1 

Santiago 

Quito 

4 . 

Santiago 

3 

Quito 

Qui to 

4 

Lima 

5 

Lima 

Quito 

4 

Quito 

1 

Santiago 

Quito 

5 

Quito 

4 

Quito 

Quito 

5 

Lima 

5 

Lima 

Quito 

5 

Ft. Myers 

6 

Quito 

Ft. Myers 

6 

Quito 

7 

Lima 

Ft. Myers 

6 

Lima 

8 

Ft. Myers 

Ft. Myers 

6 

Ft. Myers 

6 

Qui to 

Ft. Myers 

7 

Quito 

7 

Lima 

Ft. Myers 

7 

Lima 

9 

Ft. Myers 

Ft. Myers 

7 

Ft. Myers 

6 

Qui to 

Ft. Myers 

8 

Ft. Myers 

7 

Lima 

Ft. Myers 

8 

Newfoundland 

10 

Ft. Myers 

Ft. Myers 

8 

Winkfield 

6 

Qui to 

Ft. Myers 

9 

Ft. Myers 

8 

Lima 

Ft. Myers 

9 

Newfoundland 

9 

Ft. Myers 

Ft. Myers 

9 

Winkfield 
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Table 26. Relay- I I Data Points and Stations Used for 
PODMs Requiring Angular and 
Mixed Data Inputs (Cont'd) 


Data 

Station for 

Station for 

Three Stations with 

Poi nts 

Three-Station 

Single-Station 

Input Resolved to 

Used 

Inputs 

Input 

Single Time Input 




Data 

Point 

Station 

6 

Quito 

Ft. Myers 

10 

Ft. Myers 

9 

Ft. Myers 

Ft. Myers 

10 

Newfoundland 

10 

Newfoundland 

Ft. Myers 

10 

Winkfield 

1 

Santiago 

Quito 

13 

Santiago 

2 

Lima 

Quito 

13 

Lima 

13 

Quito 

Quito 

13 

Quito 

1 

Santiago 

Quito 

N/A 

N/A 

5 

Lima 

Quito 

N/A 

N/A 

13 

Quito 

Quito 

N/A 

N/A 

1 

Santiago 

Quito 

N/A 

N/A 

7 

Lima 

Quito 

N/A 

N/A 

13 

Quito 

Quito 

N/A 

N/A 
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Table 27. Results of Method of Gauss PODM for OSO-III 


True Anomaly 

r 

Computed X Dot 

1 

Computed Y Dot 

Computed Z Dot 


Angular 

h - h 

i.e., v 2 - v l 
( Degrees ) 

Di fference 

. ^ - h 

i.e., vg - Vi 
(Degrees) 

Reference Orbit 
X Dot at T 2 

(CUL/CUT) 

Reference Orbit 
Y Dot at T 2 

(CUL/CUT) 

Reference Orbit 
Z Dot at T 2 

(CUL/CUT) 

Number 

of 

Iterations 

(1) 

3.8 

11.4 

-0.70791722 E0 
-0.70685743 E0 

0.39743942 EO ' 
0.40013314 EO 

-0.52158271 EO 
-0.51534094 EO 

19/8 

3.8 

22.8 

-0.70667326 E0 
-0.70685743 E0 

0.39969767 EO 
0.40013314 EO 

-0.51601203 EO 
-0.51534094 EO 

10/5 

3.8 

45.6 

-0.70657644 EO 
-0.70685743 E0 

0.39983035 EO 
0.40013314 EO 

-0.51529424 EO 
-0.51534094 W 

9/16 

11.4 

45.6 

-0.76769882 E0 
-0.76862972 EO 

0.29034934 EO 
0.29068616 EO 

-0.49971037 EO 
-0.49963709 EO 

15/25 

22.8 

45.6 

-0.83775843 EO 
-0.83592404 EO 

0.11826982 EO i 
0.11781151 EO 1 

-0.45899419 EO 
-0.45992297 EO 

13/11 

(2) 22.8 

45.6 

NO DATA 

-0.55646495 EO 

NO DATA 

-0.77864062 EO 

NO DATA 

0.55149247 E-l 

8/3 

22.8 

68.4 

-0.11614366 El 
-0.55646495 EO 

-0.16762643 El 
-0.77864062 EO 

-0.35725661 EO 
0.55149247 E-l 

25/25 

(3) 22.8 

111.6 

NO DATA 

-0.55646495 EO 

NO DATA 

-0.77864062 EO 

NO DATA 

0.55149247 E-l 

15/5 

45.0 

68.4 

-0.25517320 
-0.25549497 EO 

-0.88735304 EO 
-0.88905191 EO 

0.24888084 EO 
0.24948641 EO 

9/20 

68.4 

111.6 

0.65269272 E-l 
0.84194416 E-l 

-0.69242933 EO 
-0.86372645 EO 

0.32903333 EO 
0.40548748 EO 

8/25 
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Table 27. Results of Method of Gauss PODM for OSO-III (Cont'd) 


True Anomaly 

Computed X Dot 

Computed Y Dot 

Computed Z Dot 

Number 

of 

Iterati ons 

Angular 

. h - h 

i .e. , v 2 - vj 
(Degrees) 

Difference 
. r 3 r l 

^.e v 3 - vj 

(Degrees) 

Reference Orbit 
X Dot at T 2 

(CUL/CUT) 

Reference Orbit 
Y Dot at T 2 

(CUL/CUT) 

Reference Orbit 
Z Dot at T 2 

(CUL/CUT) 

(4) 3.8 

360.0 

'1 

NO DATA 

NO DATA 

NO DATA 

14/3 



-0.70685743 E0 

0.40013314 EO 

-0.51534094 EO 


(5) 45.6 

360.0 

NO DATA 

NO DATA 

NO DATA 

25/6 



-0.87135390 E0 

-0.23408489 EO 

■ -0.32909258 EO 



(1) Method of Gauss has two iteration loops (1/2) 

(2) Computer halted after third iteration of second loop 

(3) Computer halted after fifth iteration of second loop 

(4) Computer halted after third iteration of second loop 

(5) Computer halted after sixth iteration of second loop 
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Table 28. Results of Method of Gauss PODM for Relay-II 


True Anomaly 

Computed X Dot 

Computed Y Dot 

Computed Z Dot 


4ngul|r 

. r l r 2 
1 . 6 . , \>2 " 

(Degrees) 

Di^ffer^nce 

. r 3 ""1 
i.e , v 3 - vj 

(Degrees) 

Reference Orbit 
X Dot at T ^ 

(CUL/CUT) 

Reference Orbit 
Y Dot at T 2 

(CUL/CUT) 

Reference Orbit 
Z Dot at T 2 

(CUL/CUT) 

Number 

of 

Iterations 

(1) 

2.5 

5.0 

-0.65573896 E0 
-0.65562172 E0 

-0.48529845 E-l 
-0.48674037 E-l 

0.58465493 EO 
0.58641873 EO 

25/6 

2.5 

10.0 

-0.65577567 E0 
-0.65562172 EO 

-0.47736815 E-l 
-0.48674037 E-l 

0.58613153 EO 
0.58641873 EO 

25/7 

2.5 

21.0 

-0.65584460 EO 
-0.65562172 EO 

-0.47958021 E-l 
-0.48674037 E-l 

0.58649359 EO 
0.58641873 EO 

24/7 

5.0 

21.0 

-0.63987321 EO 
-0.63983417 EO 

-0.77623212 E-l 
-0.77927626 E-l 

O'. 59110496 EO 
0.59099381 EO 

15/7 

10.0 

21.0 

-0.60642894 EO 
-0.60"6 37538 EO 

-0.13341274 EO 
-0.13383906 EO 1 

0.59706499 EO 
0.59694559 EO • 

25/5 

20.0 

, 32.0 

-0.22620569 EO 
; -0.22604802 EO 

-0.49453221 EO 
-0.49460573 EO 

0.49575304 EO 
0.49560149 EO 

25/8 

20.0 

45.0 

-0.22630405 EO 
-0.22604802 EO 

-0.49457044 EO 
-0.49460573 EO 

0.49582764 EO 
0.49560149 EO' 

25/9 

20.0 

65.0 

-0.22658515 EO 
-0.22604802 EO 

-0.49480670 EO 
-0.49460573 EO 

0.49613260 EO 
0.49560149 EO 

25/25 

32.0 

45.0 

-0.11872069 EO 
-0.11873926 EO 

-0.54240256 EO 
-0.54226741 EO 

0.43382895 EO 
0.43373466 EO 

22/9 

(2) 45.0 

65.0 

NO DATA 

-0.35627838 E-l 

NO DATA 

-0.56593395 EO 

NO DATA 
0.37767977 EO 

25/5 

(3) 2.5 

360.0 

NO DATA 

-0.65562172 EO 

NO DATA 

-0.48674037 E-l 

NO DATA 
0.58641873 EO 

6/3 
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Table 28. Results of Method of Gauss PODM for Relay-II (Cont'd) 


True Anomaly 

Computed X Dot 

Computed Y Dot 

Computed Z Dot 


Angular 

h - h 

i.e., v 2 - vj 
(Degrees) 

Difference 
* ? 1 

i.e., 

(Degrees ) 

Reference Orbit 
X Dot at T 2 

(CUL/CUT) 

Reference Orbit 
Y Dot at T 2 

(CUL/CUT) 

Reference Orbit 
Z Dot at T 2 

(CUL/CUT) 

Number 

of 

Iterations 

(4) 21.0 

360.0 

NO DATA 

-0.53391142 E0 

NO DATA 

-0.23461233 E0 

NO DATA 
0.59733711 EO 

14/3 

(5) 60.0 

360.0 

NO DATA 

-0.22604802 E0 

NO DATA 

-0.49460573 EO 

NO DATA 
0.49560149 EO 

25/3 


(1) Method of Gauss has two iteration loops (1/2) 

(2) Computer halted after fifth iteration of second loop 

(3) Computer halted after third iteration of second loop 

(4) Computer halted after third iteration of second loop 

(5) Computer halted after third iteration of second loop 
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Table 29. Results of Laplace PODM for OSO-III 


True Anomaly 

Computed X Dot 

Computed Y Dot 

Computed Z Dot 


Qngul|r 
. r l" r 2 

1 • 6 . 9 ■* v 2 

(Degrees) 

1 D^ffer^nce 

. r 3 + r l 
i.e., v 3 - V j 

(Degrees) 

Reference Orbit 
X Dot at T ^ 

(CUL/CUT) 

Reference Orbit 
Y Dot at T 2 

(CUL/CUT) 

Reference Orbit 
Z Dot at T 2 

(CUL/CUT) 

Number 

of 

Iterations 

1 

3.8 

11.4 

-0.62214854 EO 
-0.70685743 EO 

-0.42083550 El 
0.40013314 EO 

-0.18298844 E2 
-0.51534094 EO 

25 

3.8 

22.8 

-0.12509150 El 
-0.70685743 EO 

0,81876243 EO 
0.40013314 EO 

0.26324664 El 
-0.51534094 EO 

25 

3.8 

45.6 

0.62338167 EO 
-0.70685743 EO 

-0.97365651 EO 
0.40013314 EO 

-0.91009868 El 
-0.51534094 EO 

24 

, 11.4 

45.6 

-0.17521341 El 
-0.76862972 EO 

0.10642148 El 
0.29068616 EO 

0.36921444 EO 
| -0.49963709 EO 

25 

j 22.8 

45.6 

-0.11041127 El 
-0.83592404 EO 

0.19952538 EO 
0.11781151 EO 

! -0.47175310 EO 

-0.45992297 EO 

17 

22.8 

45.6 

-0.44101836 El 
-0.55646495 EO 

-0.17955487 El 
-0.77864062 EO 

-0.11655648 El 
0.55149247 E-l 

19 

22.8 

68.4 

0.24578202 EO 
-0.55646495 EO 

-0.73672249 EO 
-0.77864062 EO 

0.23126402 El 
0.55149247 E-l 

25 

22.8 

111.6 

0.25079742 El 
-0.55646495 EO 

-0.11870974 EO 
-0.77864062 EO 

0.45458931 El 
0.55149247 E-l 

25 

45.0 

68.4 

-0.19467675 El 
-0.25549497 EO 

-0.27913786 EO 
-0.88905191 EO 

-0.18056729 El 
0.24948641 EO 

25 
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Table 29. Results of Laplace PODM for OSO-III (Cont'd) 


True Anomaly 

Computed X Dot 

Computed Y Dot 

Computed Z Dot 



^ngul^r 
rj •> r2 
i .e. , v 2 - vj 
(Degrees) 

Difference 

r 3 rj 

i .e. , v 3 - vj 
(Degrees) 

Reference Orbit 
X Dot at T 2 

(CUL/CUT) 

Reference Orbit 
Y Dot at T 2 

(CUL/CUT) 

Reference Orbit 
Z Dot at T 2 

(CUL/CUT) 

Number 

of 

Iterations 

I 

68.4 

111.6 

0.95421127 E-l 
0.84194416 E-l 

-0.44695439 EO 
-0". 86372645 EO 

0.27811717 EO 
0.40548748 EO 

25 


3.8 

360.0 

-0.17796285 El 
-0.70685743 EO 

0.78874290 EO 
0.40013314 EO 

0.38617498 El 
-0.51534094 EO 

10 

s 

I 

45.6 

360.0 

0.42930140 El 
-0.87135390 EO 

0.33948553 EO 
-0 . 23408489 EO 

i 

-0.56191323 EO 
-0.32909258 EO 

18 

-i 
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Table 30. Results of Laplace PODM for Relay-II 


True Anomaly 

Computed X Dot 

Computed Y Dot 

Computed Z Dot 


Angular 

r l r 2 
i .e. , V 2 - vi 

(Degrees) 

Difference 

. h * 

l .e. , V3 - 
(Degrees) 

Reference Orbit 
X Dot at T 2 

(CUL/CUT) 

Reference Orbit 
Y Dot at T2 

(CUL/CUT) 

Reference Orbit 
Z Dot at T 2 

(CUL/CUT) 

Number 

of 

Iterations 

2.5 

5.0 

-0.72714109 EO 
-0.65562172 EO 

-0.71504655 E-l 
-0.48674037 E-l 

0.59489353 EO 
0.58641873 EO 

25 

2.5 

10.0 

-0.10267281 El 
-0.65562172 EO 

-0.18628955 El 
-0.48674037 E-l 

0.36820326 El 
0.58641873 EO 

25 

2.5 

21.0 

-0.53878453 E4 
-0.65562172 EO 

-0.23647739 E5 
-0.48674037 E-l 

0.36040611 E5 
0.58641873 EO 

25 

5.0 

21.0 

-0.48696044 EO 
-0.63983417 EO 

-0.18666574 El 
-0.77927626 E-l 

0.35635083 El 
0.59099381 EO 

25 

10.0 

21.0 

0.31209321 El 
-0.60637538 EO 

-0.57152970 E2 
-0.13383906 EO 

0.99120958 El 
0.59694559 EO 

25 

20.0 

32.0 

-0.26693959 EO 
-0.22604802 EO 

-0.43433233 EO 
-0.49460573 EO 

0.69450731 EO 
0.49560149 EO 

25 

20.0 

45.0 

-0.13796895 EO 
-0.22604802 EO 

-0.56147737 EO 
-0.49460573 EO 

0.45146978 EO 
0.49560149 EO 

25 

20.0 

65.0 

-0.16272038 EO 
-0.22604802 EO 

0.33983267 EO 
-0.49460573 EO 

-0.12063448 EO 
0.49560149 EO 

10 

32.0 

45.0 

-0.52113641 EO 
-0.11873926 EO 

-0.10880935 El 
-0.54226741 EO 

0.13009035 El 
0.43373466 EO 

16 

45.0 

65.0 

-0.36805806 E-l 
-0.35627838 E-l 

-0.59926305 EO 
-0.56593395 EO 

0.54858426 EO 
0.37767977 EO 

25 
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Table 30. Results of Laplace PODM for Relay- I I (Cont'd) 


True Anomaly 

Computed X Dot 

Computed Y Dot 

Computed Z Dot 
Reference Orbit 
Z Dot at T^ 

(CUL/CUT) 


Angular 

- ? 1^2 
-| p v v 

' • c • s y 1 

(Degrees) 

Difference 

4* -y 

. r 3 - r l 
i.e., v 3 - v 

(Degrees) 

Reference Orbit 
X Dot at T 3 

(CUL/CUT) 

Reference Orbit 
Y Dot at I2 

(CUL/CUT) 

Number 

of 

Iterations 

2.5 

360.0 

-0.20583222 El 
-0.65562172 E0 

0.42296244 EO 
-0.48674037 E-l 

0.16115016 E2 
0.58641873 EO 

25 

21.0 

360.0 

0.77590448 El 
-0.53391142 E0 

0.89489232 EO 
-0.23461233 EO 

-0.16625441 El 
0.59733711 EO 

25 

60.0 

360.0 

0.14735411 El 
-0.22604802 E0 

0.15238060 El 
-0.49460573 EO 

1 - 

-0.12408895 El 
0.49560149 EO 

25 
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Table 31. Results of Double R-Iteration PODM for OSO-III 


True Anomaly 

Computed X Dot 

Computed Y Dot 

Computed Z Dot 


Angular 

. h - h 

i .e. , v 2 - vj 
(Degrees) 

Difference 

, h ? i 

v 3 - ”1 
(Degrees) 

Reference Orbit 
X Dot at T 2 

(CUL/CUT) 

Reference Orbit 
Y Dot at T 2 

(CUL/CUT) 

Reference Orbit 
Z Dot at T 2 

(CUL/CUT) 

Number 

of 

Iterations 

3.8 

11.4 

0.10753446 E-l 
-0.70685743 EO 

0.66555841 E-l 
0.40013314 EO 

0.51606808 E-l 
-0.51534094 EO 

25 

3.8 

22.8 

-0.14092275 EO 
-0.70685743 EO 

-0.29962388 E-l 
0.40013314 EO 

-0.91042634 EO 
-0.51534094 EO 

25 

3.8 

45.6 

0.13710653 E-l 
-0.70685743 EO 

-0.11286502 EO 
0.40013314 EO 

-0.16121196 EO 
-0.51534094 EO 

25 

11.4 

45.6 

0.26168193 EO 
-0.76862972 EO 

-0.38736629 El 
0.29068616 EO 

-0.16471906 El 
-0.49963709 EO 

25 

22.8 

45.6 

-0.78886572 EO 
-0.83592404 EO 

0.12043147 EO 
0.11781151 EO 

-0.48667308 EO 
-0.45992297 EO 

25 

(1) 22.8 

1 

45.6 

NO DATA 

-0.55646495 EO 

NO DATA 

-0.77864062 EO 

NO DATA 

0.55149247 E-l 

25 

(2) 22.8 

68.4 

NO DATA 

-0.55646495 EO 

NO DATA 

-0.77864062 EO 

NO DATA 

0.55149247 E-l 

25 

22.8 

111.6 

-0.11258185 EO 
-0.55646495 EO 

0.18068761 EO 
-0.77864062 EO 

-0.19051456 EO 
0.55149247 E-l 

25 

45.0 

68.4 

-0.26254772 EO 
-0.25549497 EO 

-0.88822925 EO 
-0.88905191 EO 

0.24562602 EO 
0.24948641 EO 

25 

(3) 68.4 

111.6 

NO DATA 

0.84194416 E-l 

NO DATA 

-0.86372645 EO 

NO DATA 
0.40548748 EO 

25 
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Table 31. Results of Double R-Iteration PODM for OSO-III (Cont'd) 


True Anomaly 

Computed X Dot 

Computed Y Dot 

Computed Z Dot 


Angular 

. h - h 

1 . G . 5 \>2 ** 

(Degrees) 

Di fference 

. 

T.e., v 3 - vj_ 
(Degrees) 

Reference Orbit 
X Dot at T 2 

(CUL/CUT) 

Reference Orbit 
Y Dot at T 2 

(CUL/CUT) 

Reference Orbit 
Z Dot at T 2 

(CUL/CUT) 

Number 

of 

Iterations 

3.8 

360.0 

-0.15743479 EO 
j -0.70685743 EO 

-0.13771405 EO 
0.40013314 EO 

1 -0.21949831 EO 
-0.51534094“ EO 

25 

45.6 

360.0 

NO DATA 

-0.87135390 EO 

NO DATA 

-0.23408489 EO 

NO DATA 

-0.32909258 EO 

25 


(1) Computer halted after twenty-fifth iteration 

(2) Computer halted after twenty-fifth iteration 

(3) Computer halted after twenty-fifth iteration 
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Table 32. Results of Double R-Iteration PODM for Relay-II 


True Anomaly 

Computed X Dot 

Computed Y Dot 

Computed Z Dot 


Angular 

h h 

i.e. , v 2 - vj 
(Degrees) 

Difference 
r 3 - ri 
i.e., v 3 - V j 
(Degrees) 

Reference Orbit 
X Dot at T 2 

(CUL/CUT) 

Reference Orbit 
Y Dot at T 2 

(CUL/CUT) 

Reference Orbit 
Z Dot at T 2 

(CUL/CUT) 

Number 

of 

Iterations 

(1) 2.5 

5.0 

NO DATA 

-0.65562172 EO 

NO DATA 

-0.48674037 E-l 

NO DATA 
0.58641873 EO 

25 

2.5 

10.0 

-0.91421077 EO 
-0.65562172 EO 

0.28383640 El 
-0.48674037 E-l 

-0.67260774 E-l 
0.58641873 EO 

25 

2.5 

21.0 

-0.27019848 EO 
-0.65562172 EO 

-0.45272405 EO 
-0.48674037 E-l 

0.46024761 EO 
0.58641873 EO 

25 

(2) 5.0 

21.0 

NO DATA 

-0.63983417 EO 

NO DATA 

-0.77927626 E-l 

NO DATA 
0.59099381 EO 

25 

(3) 10.0 

21.0 

NO DATA 

-0.60637538 EO 

NO DATA 

-0.13383906 EO 

NO DATA 
0.59694559 EO 

25 

(4) 20.0 

32.0 

NO DATA 

-0.22604802 EO 

NO DATA 

-0.49460573 EO 

NO DATA 
0.49560149 EO 

25 

20.0 

45.0 

0.66520513 E-l 
-0.22604802 EO 

0.52704750 E-l 
-0.49460573 EO 

0.58966469 EO 
0.49560149 EO 

25 

20.0 

65.0 

0.37515994 E-l 
-0.22604802 EO 

0.50194898 E-l 
-0.49460573 EO 

0.43918827 EO 
0.49560149 EO 

25 

(5) 32.0 

45.0 

NO DATA 

-0.11873926 EO 

NO DATA 

-0.54226741 EO 

NO DATA 
0.43373466 EO 

25 

(6) 45.0 

65.0 

NO DATA 

-0.35627838 E-l 

NO DATA 

-0.56593395 EO 

NO DATA 
0.37767977 EO 

25 



Table 32. Results of Double R-Iteration PODM for Relay-II (Cont'd) 


True Anomaly 

Computed X Dot 

Computed Y Dot 

Computed Z Dot 


Angul ar 

. h * h 

i . e . , \?2 ~ 
(Degrees) 

Difference 

. **3 **1 

i.e., v 3 - v 

(Degrees) 1 2 3 4 5 6 7 

Reference Orbit 
X Dot at T 3 

(CUL/CUT) 

Reference Orbit 
Y Dot at T 3 

(CUL/CUT) 

Reference Orbit 
Z Dot at T 3 

(CUL/CUT) 

Number 

of 

Iterations 

2.5 

360.0 

-0.52220508 E-l 
-0.65562172 E0 

-0.34564548 EO 
-0.48674037 E-l 

i 

0.22778349 E-l 
0.58641873 EO 

25 

(7) 21.0 

i 

i 360.0 

1 

' NO DATA 

. -0.53391142 EO 

NO DATA 

-0.23461233 EO 

NO DATA 

| 0.59733711 EO 

25 

60.0 

1 

j 360.0 
.1 

0.41528271 E-2 
-0.22604802 EO 

-0.38793737 E-l 
-0.49460573 EO 

-0.12068895 E-l 
j 0.49560149 EO 

i 25 

i 


(1) Computer halted after twenty-fifth iteration 

(2) Computer halted after twenty-fifth iteration 

(3) Computer halted after twenty-fifth iteration 

(4) Computer halted after twenty-fifth iteration 

(5) Computer halted after twenty-fifth iteration 

(6) Computer halted after twenty-fifth iteration 

(7) Computer halted after twenty-fifth iteration 
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Table 33. Results of Modified Laplacian PODM for OSO-III 


True Anomaly 

Computed X Dot 

Computed Y Dot 

Computed Z Dot 


Angular 

. h - h 

i .e., v 2 - v x 
(Degrees) 

Difference 
->■ ->- 

. r 3 - r l 
i.e., v 3 - v 1 

(Degrees) 

Reference Orbit 

X Dot at T ? 

2 

(CUL/CUT) 

Reference Orbit 
Y Dot at T 2 

(CUL/CUT) 

Reference Orbit 
Z Dot at T 2 

(CUL/CUT) 

Number 

of 

Iterations 

3.8 

11.4 

-0.71593645 EO 
-0.70685743 EO 

0.48563242 EO 
0.40013314 EO 

-0.62694617 EO 
-0.51534094 EO 

5 

3.8 

22.8 

-0.69978116 EO 
-0.70685743 EO 

0.52655320 EO 
0.40013314 EO 

-0.67720686 EO 
-0.51534094 EO 

5 

3.8 

45.6 

-0.69070303 EO 
-0.70685743 EO 

0.54224031 EO 
0.40013314 EO 

-0.68928764 EO 
-0.51534094 EO 

5 

11.4 

45.6 

-0.10306731 El 
-0.76862972 EO 

0.50739234 EO 
0.29068616 EO 

-0.71356305 EO 
-0.49963709 EO 

5 

22.8 

45.6 

-0.11293956 El 
-0.83592404 EO 

0.28689117 EO 
0.11781151 EO 

-0.47564288 EO 
-0.45992297 EO 

5 

22.8 

45.6 

-0.13744573 EO 
-0.55646495 EO 

-0.23924188 EO 
-0.77864062 EO 

0.38397540 E-l 
0.55149247 E-l 

5 

22.8 

68.4 

-0.22370122 EO 
-0.55646495 EO 

-0.41542275 EO 
-0.77864062 EO 

0.10946262 EO 
0.55149247 E-l 

5 

22.8 

111.6 

-0.14220677 EO 
-0.55646495 EO 

-0.26481078 EO 
-0.77864062 EO 

0.47927197 E-l 
0.55149247 E-l 

6 

45.0 

68.4 

-0.32805748 E-l 
-0.25549497 EO 

-0.82710003 EO 
-0.88905191 EO 

0.49787300 EO 
0.24948641 EO 

8 

68.4 

111.6 

0.96889297 E-2 
0.84194416 E-l 

0.34904833 EO 
-0.86372645 EO 

-0.25621297 EO 
0.40548748 EO 

25 
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Table 33. Results of Modified Laplacian PODM for OSO-III (Cont'd) 


True Anomaly 

Computed X Dot 

Computed Y Dot 

Computed Z Dot 

Number 

of 

Iterations 

Angui ar 

. *l-*2 

i.e., v 2 - 

(Degrees) 

Difference 

. *3 - *1 
l .e. , v - v 1 

(Degrees) 1 

Reference Orbit 
X Dot at Tg 

(CUL/CUT) 

Reference Orbit 
Y Dot at T£ 

(CUL/CUT) 

Reference Orbit. 
Z Dot at T 2 

(CUL/CUT) 

3.8 

360.0 

-0.68062580 EO 

0.5495026 EO 

-0.69971598 EO 

! 5 



-0.70685743 EO 

0.40013314 EO 

-0.51534094 EO 

i 

45.6 

360.0 

-0.13166452 El 

0.60437789 E-l 

1 -0.49458454 EO 

5 



-0.87135390 EO 

-0.23408489 EO 

-0.32909258 EO 

1 
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Table 34. Results of Modified Laplacian PODM for Relay-II 


True Anomaly Computed X_ Dot Computed Y_ Dot Computed 1 Dot 


Angular 

. ? l" ? 2 

i .e. , v£ - vi 

(Degrees) 

Difference 

-y ~y 

. r 3 " r l 
l .e. , v 3 - v 

(Degrees) 1 

Reference Orbit 
X Dot at T£ 

(CUL/CUT) 

Reference Orbit 
Y Dot at T ^ 

(CUL/CUT) 

Reference Orbit 
Z Dot at T^ 

(CUL/CUT) 

Number 

of 

Iterations 

2.5 

5.0 

-0.65588544 E0 
-0.65562172 E0 

-0.49754409 E-l 
-0.48674037 E-l 

0.58705798 EO 
0.58641873 EO 

25 

2.5 

10.0 

-0.65668485 E0 
-0.65562172 EO 

-0.51458662 E-l 
-0.48674037 E-l 

0.58841259 EO 
0.58641873 EO 

25 

2.5 

21.0 

-0.65795561 EO 
-0.65562172 EO 

-0.52382219 E-l 
-0.48674037 E-l 

0.58982847 EO 
0.58641873 EO 

13 

5.0 

1 

21.0 

-0.64295328 EO 
-0.63983417 EO 

-0.84693810 E-l 
-0.77927626 E-l 

0.59620329 EO 
0.59099381 EO 

13 

10.0 

21.0 

-0.60804220 EO 
-0.60637538 EO 

-0.14289316 EO 
-0.13383906 EO 

0.60159792 EO 
0.59694559 EO 

12 

20.0 

32.0 

-0.20757021 EO 
-0.22604802 EO 

0.10461109 El 
-0.49460573 EO 

-0.77340509 EO 
0.49560149 EO 

25 

20.0 

45.0 

-0.16278096 EO 
-0.22604802 EO 

0.10200810 El 
-0.49460573 EO 

-0.78809914 EO 
0.49560149 EO 

25 

20.0 

65.0 

-0.10887273 EO 
-0.22604802 EO 

0.99482536 EO 
-0.49460573 EO 

-0.81125674 EO 
0.49560149 EO 

25 

32.0 

45.0 

-0.53087633 EO 
-0.11873926 EO 

0.87105242 EO 
-0.54226741 EO 

-0.37080802 EO 
0.43373466 EO 

25 

45.0 

65.0 

-0.42783549 EO 
-0.35627838 E-l 

0.25999349 EO 
-0.56593395 EO 

0.37270621 E-l 
0.37767977 EO 

6 
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Table 34. Results of Modified Laplacian PODM for Relay-II (Cont'd) 


True Anomaly 

Computed X Dot 

Computed Y Dot 

Computed Z Dot 


Angular 

h + h 

i .e . , s>2 ~ 
(Degrees ) 

Difference 

. - *1 
i.e., v 3 - v 

(Degrees) 

Reference Orbit 
X Dot at T 2 

(CUL/ CUT) 

Reference Orbit 
Y Dot at T 2 

(CUL/CUT) 

Reference Orbit 
Z Dot at T 2 

(CUL/CUT) 

Number 

of 

Iterations 

2.5 

360.0 

-0.65095335 E0 
-0.65562172 E0 

-0.19624521 E-l 
-0.48674037 E-l 

0.56898767 EO 
0.58641873 EO 

11 

1 21.0 

360.0 

' -0.63087748 E0 

-0.53391142 EO 

0.44128080 E-l 
-0.23461233 EO 

0.58437370 EO 
0.59733711 EO 

25 

60.0 

360.0 

0.20119010 EO 
-0.22604802 EO 

0.45091972 EO 
-0.49460573 EO 
.1 

-0.38224743 EO 
0.49560149 EO 

25 


Table 35. Results of R-Iteration PODM for OSO-III 


True Anomaly 

Computed X Dot 

Computed Y Dot 

Computed Z Dot 


Angular 

h - ? 2 

i .e. , v 2 - v x 
(Degrees) 

Difference 

i .e. , V 3 - vi 
(Degrees) 

Reference Orbit 
X Dot at T 2 

(CUL/CUT) 

Reference Orbit 
Y Dot at T 2 

(CUL/CUT) 

Reference Orbit 
Z Dot at T 2 

(CUL/CUT) 

Number 

of 

Iterations 

3.8 

11.4 

-0.67303769 E0 
-0.70685743 E0 

0.47295788 EO 
0.40013314 EO 

-0.61114236 EO 
-0.51534094 EO 

7 

3.8 

22.8 

-0.68262750 EO 
-0.70685743 EO 

0.52046653 EO 
0.40013314 EO 

-0.66963444 EO 
-0.51534094 EO 

7 

3.8 

45.6 

-0.72791534 EO 
-0.70685743 EO 

0.55636971 EO 
0.40013314 EO 

-0.70650216 EO 
-0.51534094 EO 

10 

11.4 

45.6 

-0.78954637 EO 
-0.76862972 EO 

0.47857224 EO 
0.29068616 EO 

-0.67776446 EO 
-0.49963709 EO 

10 

( 1 ) 22.8 

45.6 

NO DATA i 

-0.83592404 EO , 

NO DATA 
0.11781151 EO 

NO DATA 

-0.45992297 EO 

NO 

DATA 

22.8 

45.6 

-0.94933236 EO 
-0.55646495 EO ; 

-0.11649079 El 
-0.77864062 EO 

0.20859521 El 
0.55149247 E-l 

13 

22.8 

68.4 

-0.50000178 EO 
-0.55646495 EO 

-0.84474399 EO 
-0.77864062 EO 

0.59120426 EO 
0.55149247 E-l 

17 

22.8 

111.6 

-0.45529692 EO 
-0.55646495 EO 

-0.68089611 EO 
-0.77864062 EO 

0.83025921 EO 
0.55149247 E-l 

25 

45.0 

68.4 

-0.30194235 E-l 
-0.25549497 EO 

-0.87126672 EO 
-0.88905191 EO 

0.53275537 EO 
0.24948641 EO 

6 

68.4 

111.6 

-0.67218747 E-l 
0.84194416 E-l 

0.43304281 E-3 
-0.86372645 EO 

-0.13491177 EO 
0.40548748 EO 

5 
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Table 35. Results of R-Iteration PODM for OSO-III (Cont'd) 


True Anomaly 

Computed X Dot 

Computed Y Dot- 

Computed Z Dot 


Angul ar 
* %. * 

. /l r 2 
1.6., ™ 

(Degrees ) 

Difference 
, ?3 - 

1 .6 • 9 V 3 - V]_ 

(Degrees) 

Reference Orbit 
X Dot at T^ 

(CUL/CUT) 

Reference Orbit 
Y Dot at T 0 

c. 

(CUL/CUT) 

Reference Orbit 
Z Dot at T^ 

(CUL/CUT) 

Number 

of 

Iterations 

3.8 

360.0 

0.10841023 El 
-0.70685743 EO 

-0.14663795 EO 
0.40013314 EO 

0.15214168 EO 
-0.51534094 EO 

25 

45.6 

360.0 

0.26869148 El 
-0.87135390 EO 

0.61834314 EO 
-0.23408489 EO 

-0.45069544 EO 
-0.32909258 EO 

25 


(1) Computer halt prior to iteration loop 
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Table 36. Results of R-Iteration PODM for Relay-II 


True Anomaly 

Computed X Dot 

Computed Y Dot 

Computed Z Dot 

1 

Angular 

. ? l " f 2 

1 . g . j \>2 “ v 2 
(Degrees) 

Difference 

. ? 3 * ? 1 
l .e. , V 3 - vj 

(Degrees) 

Reference Orbit 
X Dot at T^ 

(CUL/CUT) 

Reference Orbit 
Y Dot at T^ 

(CUL/CUT) 

Reference Orbit 
Z Dot at T^ 

(CUL/CUT) 

Number 

of 

Iterations 

2.5 

5.0 

-0.65536606 E0 
-0.65562172 EO 

-0.49981041 E-l 
-0.48674037 E-l 

0.58661809 EO 
0.58641873 EO 

25 

2.5 

10.0 

-0.65496732 EO 
-0.65562172 EO 

-0.52202059 E-l 
-0.48674037 E-l 

0.58695597 EO 
0.58641873 EO 

25 

2.5 

21.0 

-0.65354322 EO 
-0.65562172 EO 

-0.54280921 E-l 
-0.48674037 E-l 

0.58608381 EO 
0.58641873 EO 

25 

5.0 

21.0 

-0.63575963 EO 
-0.63983417 EO 

-0.86952051 E-l 
-0.77927626 E-l 

0.58974413 EO 
0.59099381 EO 

25 

10.0 

21.0 

-0.60023973 EO 
-0.60637538 E0~ 

-0.14346819 EO 
-0.13383906 EO 

0.59381180 EO 
0.59694559 EO 

25 

20.0 

32.0 

-0.24804671 EO 
-0.22604802 EO 

-0.23651090 EO 
-0.49460573 EO 

0.30288142 EO 
0.49560149 EO 

25 

20.0 

45.0 

-0.25742519 EO 
-0.22604802 EO 

-0.20546412 EO 
-0.49460573 EO 

0.28512663 EO 
0.49560149 EO 

25 

20.0 

65.0 

-0.14597404 EO 
-0.22604802 EO 

0.71919810 EO 
-0.49460573 EO 

-0.55706753 EO 
0.49560149 EO 

25 

32.0 

45.0 

-0.42319203 EO 
-0.11873926 EO 

0.46893844 EO 
-0.54226741 EO 

-0.13421643 EO 

0.43373466 EO 

25 

45.0 

65.0 

-0.52868635 EO 
-0.35627838 E-l 

0.50775696 EO 
-0.56593395 EO 

' 

-0.78652931 E-l 
0.37767977 EO 

25 
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Table 36. Results of R-Iteration PODM for Relay-II (Cont'd) 


True Anomaly 

Computed X Dot 

Computed Y Dot 

Computed Z Dot 


Angul ar 

i .e. , v„ - v 1 
(Degrees) 1 

Difference 

i t 3 " ^ 1 

i .e. , Vo _ v. 
(Degrees) 1 

Reference Orbit 
X Dot at 

(CUL/CUT) 

Reference Orbit 
Y Dot at T? 

(CUL/CUT) 

Reference Orbit 
Z Dot at T^ 

(CUL/CUT) 

Number 

of 

Iterations 

2.5 

360.0 

: -0.19164933 E-l 

-0.65562172 E0 ■ 

-0.33057738 E0 
-0.48674037 E-l 

0.49087828 E-l 
0.58641873 E0 

25 

21.0 

360.0 

0.80376633 E0 
' -0.53391142 E0 

j -0.61899776 E-l 
! -0.23461233 E0 

• -0.84950024 EO 
0.59733711 EO 

25 

| 

60.0 

360.0 

i 

J 

■ -0.17054887 El 

-0.22604802 E0 


-0.11853038 El 
-0.49460573 E0 

I 0.23051794 El 

i 0.49560149 EO 

i 

11 
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Table 37. Results of Herrick-Gibbs PODM for OSO-III 


True Anomaly 

Computed X Dot 

Computed Y Dot 

Computed Z Dot 


Angular 

i .e. , V 2 - vj 

(Degrees) 

Difference 
. r 3 " r l 

i .e . , V 3 - vj 

(Degrees) 

Reference Orbit 
X Dot at T 2 

(CUL/CUT) 

Reference Orbit 
Y Dot at T ^ 

(CUL/CUT) 

Reference Orbit 
Z Dot at T 2 

(CUL/CUT) 

Number 

of 

Iterations 

3.8 

11.4 

-0.70645695 EO 
-0.70685743 EO 

0.40020864 EO 
0.40013314 EO 

-0.51517444 EO 
-0.51534094 EO 

N/A 

3.8 

22.8 

-0.70643282 EO 
-0.70685743 EO 

0.40017858 EO 
0.40013314 EO 

-0.51514648 EO 
-0.51534094 EO 

N/A 

3.8 

45.6 

-0.70629247 EO 
-0.70685743 EO 

0.40012606 EO 
6.40013314 EO 

-0.51504945 EO 
-0.51534094 EO 

N/A 

11.4 

45.6 

-0.76818828 EO 
-0.76862972 EO 

0.29083187 EO 
0.29068616 EO 

-0.49945671 EO 
-0.49963709 EO 

N/A 

22.8 

45.6 

-0.83577205 EO 
-0.83592404 EO 

0.11803920 EO 
0.11781151 EO 

-0.45991218 EO 
-0.45992297 EO 

N/A 

22.8 

45.6 

-0.31078045 E-2 
-0.55646495 EO 

-0.17694896 E-l 
-0.77864062 EO 

0.73806815 E-l 
0.55149247 E-l 

N/A 

j 22.8 

68.4 

-0.55558350 EO 
-0.55646495 EO 

-0.77687066 EO 
-0.77864062 EO 

0.14025474 El 
0.55149247 E-l 

N/A 

22.8 

111.6 

-0.55417017 EO 
; -0.55646495 EO 

-0.76854725 EO 
-0.77864062 EO 

0.21244346 El 
0.55149247 E-l 

N/A 

45.0 

68.4 

-0.25473601 EO 
-0.25549497 EO 

-0.88721359 EO 
-0.88905191 EO 

0.24905497 EO 
0.24948641 EO 

N/A 

68.4 

111.6 

0.85339904 E-l 
0.84194416 E-l 

-0.84943977 EO 
-0.86372645 HT 

0.39986042 EO 
O'. 40548/48' Eff 

N/A 
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Table 37. Results of Herrick-Gibbs PODM for OSO-III (Cont'd) 


True Anomaly 

Computed X Dot 

Computed Y Dot 

Computed Z Dot 


Angular 

. h - h 

i .e . , V2 - vj 
(Degrees ) 

Difference 

-v ~y 

. r 3 * r l 

1 .e . 5 Vg - v x 

(Degrees) 

Reference Orbit 
X Dot at T 2 

(CUL/CUT) 

Reference Orbit 
Y Dot at I 2 

(CUL/CUT) 

Reference Orbit 
Z Dot at T 2 

(CUL/CUT) 

Number 

of 

Iterations 

3.8 

360.0 

-0.70521277 EO 
-0.70685743 EO 

0.43640725 EO 
0.40013314 EO 

-0.52981753 EO 
-0.51534094 EO 

N/A 

45.6 

360.0 

-0.95443170 EO 
-0.87135390 EO 

0.13423173 EO 
-0.23408489 EO 

-0.52536724 EO 
-0.32909258 EO 

N/A 
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Table 38. Results of Herrick-Gibbs PODM for Relay-II 


True Anomaly 

Computed X Dot 

Computed Y Dot 

Computed Z Dot 


Angular 

. ? i * h 

i.e., v 2 - Vj 
(Degrees) 

Difference 
. ? 3 " 

I.G., Vg “ 

(Degrees) 

Reference Orbit 
X Dot at T^ 

(CUL/CUT) 

Reference Orbit 
Y Dot at T 2 

(CUL/CUT) 

Reference Orbit 
Z Dot at T 2 

(CUL/CUT) 

Number 

of 

Iterations 

(1) 

2.5 

5.0 

-0.65566707 EO 
-0.65562172 EO 

-0.48663300 E-l 
-0.48674037 E-l 

0.58645073 EO 
0.58641873 EO 

N/A 

2.5 

10.0 

-0.65584596 EO 
-0.65562172 EO 

-0.48675139 E-l 
-0.48674037 E-l 

0.58660992 EO 
0.58641873 EO 

N/A 

2.5 

21.0 

-0.65589575 EO 
-0.65562172 EO 

-0.48662218 E-l 
-0.48674037 E-l 

0.58664349 EO 
0.58641873 EO 

N/A 

5.0 

21.0 

-0.63986719 EO 
-0.63983417 EO 

-0.77898726 E-l 
-0.77927626 E-l . 

0.59100122 EO 
0.59099381 EO 

N/A 

10.0 

21.0 

-0.60637559 EO 
-0.60637538 EO 

-0.13379122 EO 
-0.13383906 EO 

0.59691250 EO 
0.59694559 EO 

N/A 

20.0 

32.0 

1 

-0.22612738 EO 
-0.22604802 EO 

-0.49459717 EO 
-0.49460573 EO 

0.49566263 EO 
0.49560149 EO 

N/A 

20.0 

45.0 

-0.22626938 EO 
-0.22604802 EO 

-0.49464458 EO 
-0.49460573 EO 

0.49581165 EO 
0.49560149 EO 

N/A 

20.0 

65.0 

-0.22663254 EO 
-0.22604802 EO 

-0.49481561 EO 
-0.49460573 EO 

0.49622461 EO 
0.49560149 EO 

N/A 

32.0 

45.0 

-0.11888973 EO 
-0.11873926 EO 

-0.54230026 EO 
-0.54226741 EO 

0.43388195 EO 
0.43373466 EO 

N/A 

45.0 

65.0 

-0.36077449 EO 
-0.35627838 E-l 

-0.56616147 EO 
-0.56593395 EO 

0.37820133 EO 
0.37767977 EO 

N/A 
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Table 38. Results of Herrick-Gibbs PODM for Relay-II (Cont'd) 


True Anomaly 

Computed X Dot 

Computed Y Dot 

Computed Z Dot 


Angular 

~y -> 

r l - r 2 
i.e. , - v. 

(Degrees) 

Difference 

. h - *l 

i .e . , vj - V| 

(Degrees ) 

Reference Orbit 
X Dot at T 2 

(CUL/CUT) 

Reference Orbit 
Y Dot at T 2 

(CUL/CUT) 

Reference Orbit 
Z Dot at T 2 

(CUL/CUT) 

Number 

of 

Iterations 

2.5 

360.0 

-0.67240405 E0 
-0.65562172 E0 

-0.46594379 E-l 
-0.48674037 E-l 

0.59939317 EO 
0.58641873 EO 

N/A 

21.0 

360.0 

-0.64066348 E0 
-0.53391142 E0 

-0.23290743 EO 
-0.23461233 EO 

0.68697493 EO 
0.59733711 EO 

N/A 

60.0 

360.0 

-0.43829390 EO 
-0.22604802 EO 

-0.50943763 EO 
-0.49460573 EO 

0.68517316 EO 
0.49560149 EO 

N/A 


(1) No iteration loop exists 
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Table 39. Computation Results from Trilateration PODM 


Parameter 


OSO-III 


Computed X-Dot 
Reference Orbit X-Dot 


-0.77396768 

-0.77289578 


RELAY- II 


EO -0.65232511 

EO -0.35627838 


E-l 

E-l 


Computed Y-Dot 
Reference Orbit Y-Dot 


-0.53944807 EO 
-0.54884506 EO 


-0.58262553 EO 
-0.56593395 EO 


Computed Z-Dot 
Reference Orbit Z-Dot 


-0.13339736 EO 
-0.14805021 EO 


0.36304436 EO 
0.37767977 EO 


Computed Semi major Axis 
Reference Orbit Semi major Axis 


0.10715168 El 
0.10866609 El 


0.17798733 El 
0.17448736 El 


Computed Eccentricity 
Reference Orbit Eccentricity 


0.13944822 E-l 
0.21640595 E-2 


0.24677798 EO 
0.24114781 EO 


Computed Longi tude of Ascending Node 
Reference Orbit Longitude of Ascending Node 


-0.23098294 El 
-0.22460589 El 


0.21387843 El 
0.22064792 El 


Computed Orbi t Inclination 
Reference Orbit Orbit Inclination 


0.56873906 EO 
0.57356194 EO 


0.77806829 EO 
0.80848228 EO 


Computed Argument of Perigee 
Reference Orbit Argument of Perigee 


-0.48379221 

-0.34856807 


El -0.11822875 

El -0.13234053 


El 

El 
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Table 40. Angles Only and Mixed Data PODM Classical Orbital Element Comparisons - Semimajor Axis 


True Anamoly 

Method 

of 

Gauss 

(Angles 

Only) 



Laplace 

(Angles 

Only) 

Double-R 
Iterati on 
(Angles 
Only) 

Modified 

Laplacian 

(Mixed 

Data) 

R- Iterati on 
(Mixed 
Data) 

Herrick-Gibbs 

(Mixed 

Data) 

n -*■ r2 

i.e., v 2 - v 1 
(Degrees) 

■y -y 

ri -*■ n 

v 3 “ V 1 
(Degrees) 

Nominal semimajor axis from 

reference orbit (Earth Radii) 




1.0866609 for OSO-III 







: 3.8 

11.4 

1.0933545 

No Data 

0.56680724 

1.4565199 

1.2706987 

1.0862822 

3.8 

22.8 

1.0870821 

No Data 

0.76012870 

1.6411056 

1.5309293 

1.0861796 

3.8 

45.6 

1.0862247 

No Data 

0.77258918 

1.6740630 

2.0096861 

1.0857783 

11.4 

45.6 

1.0849989 

No Data 

No Data 

3.4415947 

1.6797845 

1.0861159 

22.8 

45.6 

1.0900871 

2.9676586 

1.0212752 

3.2250214 

No Data 

1.0866567 

22.8 

45.6 

No Data 

No Data 

No Data 

0.49742429 

No Data 

0.54530960 

22.8 

68.4 

No Data 

No Data 

No Data 

0.51325886 

1.0992819 

No Data 

22.8 

111.6 

No Data 

No Data 

0.51375022 

0.49432114 

1.1398184 

No Data 

45.0 

68.4 

1.0820681 

No Data 

1.0864170 

2.1854150 

3.1140459 

1.0818763 

68.4 

111.6 

0.89356833 

0.74728463 

No Data 

0.34190386 

0.21995489 

1.0537560 

3.8 

360.0 

No Data 

No Data 

1.7849994 

1.6703803 

: 1.0261115 

1.1405874 

45.6 

360.0 

No Data 

No Data 

No Data 

1.6933086 

No Data 

1 

1.5681016 

i 

Nominal semimajor axis from 

reference orbit (Earth Radii) 




1.7448736 for RELAY- I I 







2.5 

5.0 

1.7408033 

2.6172861 

No Data 

1.7526733 

1.7476601 

1.7459612 

2.5 

10.0 

1.7453902 

No Data 

No Data 

1.7699487 

1.7531379 

1.7472501 

2.5 

21.0 

1.7468151 

No Data 

0.88413473 

1.8025055 

1.7583358 

1.7475660 

5.0 

21.0 

1.7460754 

No Data 

No Data 

1.8410649 

1.7669713 

1.7458116 

10.0 

21.0 

1.7459635 

No Data 

No Data 

1.8560241 

1.7725920 

1.7454941 

20.0 

32.0 

1.7453169 

1.7139800 

No Data 

1.6332744 

0.83095475 

1.7452667 

20.0 

45.0 

1.7457094 

1.4443873 

0.56058119 

1.5308440 

0.79084692 

1.7460556 

20.0 

65.0 

1.7477173 

0.52260853 

0.51562444 

1.4267193 

0.27337010 

1.7483249 

32.0 

45.0 

1.7453685 

No Data 

No Data 

1.3976667 

0.30390446 

1.7454417 

45.0 

65.0 

; No Data 

0.69717653 

No Data 

0.36436660 

0.62453156 

1.7468162 

2.5 

360.0 

No Data 

No Data 

3.7080780 

1.6919533 

0.51226546 

1.8678605 

21.0 

360.0 

No Data 

No Data 

No Data 

; 2.1014806 

0.50041346 

3.0014965 

60.0 

360.0 

No Data 

| No Data 

0.60708685 

| 0.60224454 

No Data 

i 

' 5.1725237 
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Table 41. Angles Only and Mixed Data PODM Classical Orbital Element Comparisons - Eccentricity 


True Anamoly 

->■ . -> -y 

r •+ r r -*■ r 

Method 

of 

Gauss 

Laplace 

Double-R 

Iteration 

Modified 

Laplacian 

R-Iteration 

Herrick-Gibbs 

i.e., v 2 - Vj v 3 - v l 

(Degrees) (Degrees) 

(Angles 

(Angles 

(Angles 

(Mixed 

(Mixed 

(Mixed 

Only) 

Only) 

Only) 

Data) 

Data) 

Data) 


Nominal eccentricity from reference orbit 
0.0021640595 for OSO-III 


3.8 

11.4 

0.0090209644 

No Data 

0.99587324 

0.26042608 

0.16855448 

0.0025816264 

3.8 

22.8 

0.0031179903 

No Data 

0.32552456 

0.35348243 

0.31165306 

0.0024932554 

3.8 

45.6 

0.0023833076 

No Data 

0.96217539 

0.37236123 

0.47077550 

0.0022031445 

11.4 

45.6 

0.0016172480 

No Data 

No Data 

0.96888166 

0.38658497 

0.0024264521 

22.8 

45.6 

0.52162234 

0.62995502 

0.0059085738 

0.67259723 

No Data 

0.0027043814 

22.8 

45.6 

No Data 

No- Data 

No Data 

0.92938662 

No Data 

0.99497186 

22.8 

68.4 

No Data 

No Data 

No Data 

0.79069600 

0.25253568 

No Data 

22.8 

111.6 

No Data 

No Data 

0.92855803 

0.91547050 

0.29056091 

No Data 

45.0 

68.4 

0.0054796699 

No Data 

0.0097580110 

0.44034632 

0.58784565 

0.0056700754 

68.4 

111.6 

0.33483581 

0.65056730 

No Data 

0.91258559 

0.99088686 

0.032882344 

3.8 

360.0 

No Data 

No Data 

0.97721692 

0.37632616 

0.45937567 

0.060286596 

45.6 

360.0 

No Data 

No Data 

No Data 

0.94214231 

No Data 

1 

0.47958596 


Nominal eccentricity from reference orbit 
0.24114781 for RELAY-II 


2.5 

5.0 

0.23998301 

0.42608590 

No Data 

0.24135718 

0.24000998 

0.24112274 

2.5 

10.0 

0.24170341 

No Data 

No Data 

0.24305787 

0.23847364 

0.24150217 

2.5 

21.0 

0.24191983 

No Data 

0.54264214 

0.24721999 

0.23499117 

0.24161043 

5.0 

21.0 

0.24134923 

No Data 

No Data 

0.25052518 

0.233033181 

0.24107510 

10.0 

21.0 

0.24138999 

No Data 

No Data 

0.24819047 

0.22726255 

0.24096353 

20.0 

32.0 

0.24083358 

0.29548092 

No Data 

0.48116751 

0.77573682 

0.24069890 

20.0 

45.0 

0.24088657 

0.12926246 

0.75155324 

0.44973306 

0.81512154 

0.24080103 

20.0 

65.0 

0.24095068 

0.94594361 

0.85163884 

0.42517904 

0.65480736 

0.24102223 

32.0 

45.0 

0.24043689 

No Data 

No Data 

0.31354452 

0.86390255 

0.24071615 

45.0 

65.0 

No Data 

0.37710462 

No Data 

0.90172398 

0.57811616 

0.24076141 

2.5 

360.0 

No Data 

No Data 

0.98480947 

0.24716890 

0.92494449 

0.28042783 

21.0 

360.0 

No Data 

No Data 

No Data 

0.56096324 

0.38796165 

0.52988183 

60.0 

360.0 

No Data 

No Data 

0.99870767 

0.87779807 

No Data 

0.73185317 
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Table 42. Angles Only and Mixed Data PODM Classical Orbital Element Comparisons - 

Longitude of Ascending Node 


True Anamoly 

Method 

of 

Gauss 

(Angles 

Only) 

Laplace 

(Angles 

Only) 

Double-R 

Iteration 

(Angles 

Only) 

Modi fied 
Laplacian 
(Mixed 
Data) 

R- Iteration 
(Mixed 
Data) 

Herrick-Gibbs 

(Mixed 

Data) 

~y -y 

ri -> r2 
l.e., v 2 ' v i 
(Degrees) 

-y -y 

r i r3 

v 3 - vi 
(Degrees) 

Nominal longitude of ascending node from 

reference orbit 




-2.2460589 (radiansT for 0S0-III 






3.8 

11.4 

-2.2773522 

No Data 

1.0126258 

-2.2767968 

-2.2666136 

-2.2786146 

3.8 

22.8 

-2.2784461 

No Data 

-2.1376049 

-2.2636157 

-2.2599112 

-2.2786155 

3.8 

45.6 

-2.2785933 

No Data 

-2.3031889 

-2.2554272 

-2.2630652 

-2.2786171 

11.4 

45.6 

-2.2784670 

No Data 

No Data 

-2.2697945 

-2.2035252 

-2.2786425 

22.8 

45.6 

-2.2800338 

-2.3766156 

-2.2481640 

-2.3692610 

No Data 

-2.2787244 

22.8 

45.6 

No Data 

No Data 

No Data 

-2.4006765 

No Data 

2.4262738 

22.8 

68.4 

No Data 

No Data 

No Data 

-2.7372935 

2.5108421 

No Data 

22.8 

111.6 

No Data 

No Data 

-0.67519090 

-2.4489075 

2.6737071 

No Data 

45.0 

68.4 

-2.2814877 

No Data 

-2.2814843 

-2.3155691 

-2.3114001 

-2.2814521 

68.4 

111.6 

-2.2632779 

-2.2944144 

No Data 

1.7764004 

2.7874679 

-2.2818564 

3.8 

360.0 

No Data 

No Data 

-2.0361503 

-2.2460081 

2.1237891 

-2.2786043 

45.6 

360.0 

No Data 

No Data 

! 

No Data 

-2.3291864 

1 

No Data 

-2.2781742 

Nominal longitude of ascending node from 

reference orbit 




2.2064792 (radians'Tfor RELAY- I I 






2.5 

5.0 

2.1974520 

2.1681778 

No Data 

2.1969734 

2.1971352 

2.1972214 

2.5 

10.0 

2 .1971107 

No Data 

No Data 

2.1962855 

2.1968205 

2.1972214 

2.5 

21.0 

2.1971102 

No Data 

2.4010042 

2.194417 

2.1958196 

2.1972216 

5.0 

21.0 

2.1971711 

No Data 

No Data 

2.1921265 

2.1943008 

2.1972206 

10.0 

21.0 

2.1971844 

No Data 

No Data 

2.1898849 

2.1921711 

2.1972193 

20.0 

32.0 

2.1972313 

2.3980710 

No Data 

2.9387537 

2.0552814 

2.1971611 

20.0 

45.0 

t 2.1972194 

2.2414262 

2.4642598 

2.9469973 

2.0235991 

2.1971607 

20.0 

65.0 

2.1971614 

1.8753231 

2.4657669 

2.9636265 

-2.6702419 

2.1971604 

32.0 

45.0 

2.1971293 

No Data 

No Data 

2.7068033 

-2.6797294 

2.1971086 

45.0 

65.0 

No Data 

2.1694441 

No Data 

2.2536846 

2.5808903 

2.1970559 

2.5 

360.0 

No Data 

No Data 

-3.0040220 

2.1933827 

2.3263347 

2.1972200 

21.0 

360.0 

i No Data 

No Data 

No Data 

2.1855524 

0.58183673 

2.1972238 

60.0 

360.0 

No Data 

No Data 

-0.19772600 

0.97178151 

1, 

No Data 

2.1973668 
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Table 43. Angles Only and Mixed Data PODM Classical Orbital Element Comparisons - 

Argument of Perigee 


True Anamoly 

Method 

of 

Gauss 

(Angles 

Only) 

Lapl ace 
(Angles 
Only) 

Double-R 

Iteration 

(Angles 

Only) 

Modified 

Laplacian 

(Mixed 

Data) 

R-Iteration 

(Mixed 

Data) 

Herrick-Gibbs 

(Mixed 

Data) 

-* - 4 - 

r]_ ■+ V2 
i .e. , v£ - v i 
; (Degrees) 

h - ^3 

V 3 - vi 
(Degrees ) 

Nominal argument of perigee from reference orbit 





-3.4856807 (radians) for 0S0-III 






3.8 

11.4 

-3.0968797 

No Data 

-3.1814587 

i -3.3619857 

-3.6361456 

-3.5210052 

3.8 

22.8 

-3.2650512 

No Data 

-5.2972215 

j -3.4415148 

-3.5098716 

-3.5352457 

3.8 

45.6 

-3.3949683 

No Data 

-0.21050044 

-3.4828409 

-3.3734575 

-3.6330051 

11.4 

45.6 

-3.8062089 

No Data 

No Data 

-3.0101077 

-3.3281029 

-3.5415507 

22.8 

45.6 

-2.9632696 

-2.6250891 

-5.5696599 

-2.6373267 

No Data 

-3.3808190 

22.8 

45.6 

No Data 

No Data 

No Data 

-4.1367965 

No Data 

-2.5557482 

22.8 

68.4 

No Data 

No Data 

No Data 

-3.8143743 

-0.70287052 

No Data 

22.8 

111.6 

No Data 

No Data 

-0.41738087 

-4.0967220 

-0.84080418 

No Data 

45.0 

68.4 

-3.9403840 

No Data 

-2.7746583 

-2.0454965 

-1.8559031 

-4.0303982 

68.4 

111.6 

-3.4096793 

-3.5488346 

No Data 

-5.8607012 

-5.5550579 

-3.7467118 

3.8 

360.0 

No Data 

No Data 

-0.48393262 

-3.5159384 

-0.67183791 

-3.6142215 

45.6 



360.0 

1 

No Data 



No Data 

No Data 

-2.5321856 

No Data 

-3.5871972 

Nominal argument of perigee from reference orbit 





-1.3234053 (radians) for RELAY-II 






2.5 

5.0 

-1.3233052 

-0.77865676 

No Data 

-1.2977156 

-1.3042309 

-1.3119424 

2.5 

10.0 

-1.3168437 

No Data 

No Data 

-1.2662402 

-1.2874691 

-1.3099387 

2.5 

21.0 

-1.3133931 

No Data 

-2.9812441 

-1.2194290 

-1.2728954 

-1.3095217 

5.0 

21.0 

-1.3125766 

No Data 

No Data 

-1.1592059 

-1.2493791 

-1.3121522 

10.0 

21.0 

-1.3129503 

No Data 

No Data 

-1.1343231 

-1.2468223 

-1.3125518 

20.0 

32.0 

-1.3120577 

-1.0566229 

No Data 

-2.9431307 

-2.3016439 

-1.3121980 

20.0 

45.0 

-1.3110767 

-2.3886245 

-3.4087926 

-3.0704280 

-2.2983913 

-1.3104178 

20.0 

65.0 

-1.3063930 

-4.0643189 

-3.5001147 

-3.2495198 

-6.0954398 

-1.3052735 

32.0 

45.0 

-1.3117088 

No Data 

No Data 

-2.9471956 

-5.2429044 

-1.3116275 

45.0 

65.0 

No Data 

-2.4620371 

No Data 

-3.5935690 

-4.2994821 

-1.3078684 

2.5 

360.0 

No Data 

No Data 

-4.6937989 

-1.5240942 

-2.9165604 

-1.1712039 

21.0 

360.0 

No Data 

No Data 

No Data 

-1.7190749 

-5.3109605 

-0.72101312 

60.0 

360.0 

No Data 

No Data 

-0.35315446 

-4.2662515 

No Data 

-0.47568945 

1 
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Table 44. Angles Only and Mixed Data PODM Classical Orbital Element Comparisons - 

Orbit Inclination 


True Anamoly 

Method 

of 

Gauss 

(Angles 

Only) 

Laplace 
(Angles 
Only) j 

Double-R 

Iteration 

(Angles 

Only) 

Modified 

Laplacian 

(Mixed 

Data) 

R- Iteration 
(Mixed ' 
Data) 

Herrick-Gibbs 

(Mixed 

Data) 

q - r 2 

i .e. , v 2 - vj 
(Degrees) 

r l - r 3 

v 3 " v i 
(Degrees) 

Nominal orbital 

inclination from reference orbit 





0.57356194 (radians) for OSO-III 






3.8 

11.4 

0.57979070 

No Data 

1.1021145 

0.62999778 

0.64063228 

0.57385747 

3.8 

22.8 

0.57467945 

No Data 

1.4583617 

0.65878711 

0.66282570 

0.57385448 

3.8 

45.6 

0.57405038 

No Data 

2.0592190 

0.66558984 

0.65726740 

0.57384928 

11.4 

45.6 

0.57440879 

, No Data 

No Data 

0.56910681 

0.63508759 

0.57380134 

22.8 

45.6 

0.57212004 

0.47891522 

0.61416430 

0.44646964 

No Data 

0.57370990 

22.8 

45.6 

No Data 

No Data 

No Data 

j 0.42986477 

No Data 

1.3651483 

22.8 

68.4 

No Data 

No Data 

No Data 

1 0.35649591 

0.54414129 

No Data 

22.8 

111.6 

No Data 

1 No Data 

' 1.9260220 

; 0.40124284 

0.79586700 

No Data 

45.0 

68.4 

0.57331131 

1 No Data 

0.57328656 

1 0.74807940 

0.75551440 

0.57338118 

68.4 

111.6 

0.58915829 

0.64790733 

i No Data 

: 1.2654971 

1.7389577 

0.57351640 

3.8 

360.0 

No Data 

I No Data 

" 1.2257388 

0.67468083 

2.9635559 

0.57389136 

45.6 

360.0 

j No Data 

| No Data 

j No Data 

0.46035030 

j No Data 

0.57389401 

Nominal orbital inclination from reference orbit 





0.80848228 (radians) for RELAY-I I 






1 2.5 

5.0 

0.80728742 

0.74777617 

No Data 

0.80844311 

0.80837493 

0.80873040 

, 2-5 

10.0 

0.80883062 

No Data 

No Data 

0.80791993 

0.80769499 

0.80873045 

2.5 

21.0 

0.80897325 

No Data 

0.72791660 

0.80716883 

0.80659368 

0.80872986 

5.0 

21.0 

0.80894600 

No Data 

No Data 

0.80603485 

0.80514310 

0.80873331 

10.0 

21.0 

0.80901589 

No Data 

No Data 

0.80530187 

0.80448760 

0.80873922 

20.0 

32.0 

0.80869180 

0.94644204 

No Data 

0.66670269 

0.74309483 

0.80864734 

20.0 

45.0 

0.80866257 

0.77927170 

1.7102357 

0.68262804 

0.72570899 

0.80864684 

20.0 

65.0 

0.80859972 

1.9870953 

1.7124440 

0.70170114 

0.66729803 

0.80864661 

32.0 

45.0 

0.80862534 

No Data 

No Data 

0.57966024 

0.21713257 

0.80860271 

45.0 

65.0 

, No Data 

0.97979288 

No Data 

0.21852801 

0.48607085 

0.80856940 

2.5 

360.0 

No Data 

No Data 

0.067846464 

0.81129006 

0.20124354 

0.80873516 

21.0 

360.0 

! No Data 

No Data 

No Data 

0.87233394 

0.10445771 

, 0.80879221 

60.0 

1 360.0 

1 No Data 

i No Data 

0.31354446 

1.7972711 

1 No Data 

! 0.80885823 


No data indicates program failed in computing these values. 



Table 45. Average Number of Iterations Using Both 
OSO-III and Relay-II Orbit Results 


PODM 

Number of Iterations 

Method of Gauss 

19/11* 

Laplace 

25 

Double R-Iteration 

25 

Modified Laplacian 

14 

R- Iteration 

18 

Herrick-Gibbs 

Not applicable 

Tril ateration 

Not applicable 

*Two Iteration loops 


Table 46. Best Overall Results for 

Radius Vector Spread to 360° 

Radius Vector Spread 

PODM 

65° < v < 360° 

Herri ck-Gibbs 

30° < v < 65° 

Method of Gauss 


Modified Laplacian 

v < 30° 

R-Iteration 

Undetermined 

Double R-Iteration 


Lapl ace 
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